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MAGNETIC 


NE/COSINE 


SELF-DECODING 


Librascope Shaft-to-Digital Encoders 


and versatile... 
aircraft, 


GRAY 


new 
lHilve 


scope 


shaft-to-digital 
encoders 


are highly accurate, reliable, shock-resistant, 


machine control, computers, Doppler 


Accuracy that counts is the by-word of a Librascope Encoder 
superior technology and reputation of one of the world’s largest producers of 
Computers that Pace Man’s Expanding Mind. 


new 
noncontact 
magnetic encoder 


MODEL NO. 807 


FEATURES: 
Long life, high reliabil 
natural Sinery Scar 
SPECIFICATIONS: 
Output Code: natu 
Resolution: (per input s 
8 cour 
Full Scale Capacity: 7 bits* 
Speed: operating from 0 to 
10,000 rpm 
Life Expectancy: 20,000 hours 
at 4,000 rpm; 4 x 109 revolutions 
Starting Torque: 0.1 in-oz. max. 
Diameter: 2” 
Length: 1 13/16” 
Weight: 5 ounces 
*ALSO AVAILABLE 
BIT CAPACITIES 
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haft turn) 
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other popular Librascope encoders 


new 
subminiature 
size 8 encoder 


MODEL NOS. 787 & 793 
pepeneeag 


v inertia, long 


SPECIFICATIONS: 

Output Code: natu 

— (per np 

turn) 1 coun 

Full P hea Capacity: 

Speed: operating 200 
slew 600 rom 

Life Expectancy: 2 

revolutions at z r —* 

Starting Torque: 

0.5 oz-in. maximum 

Diameter: 

Weight: 3 ounces 


BURBANK BRANCH 
LIBRASCOPE bpivis 


CK 
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Code | Model no. 
ii asi 773 
0-773 


Binary 710 


707 (707D*) 


713 (713D*) 
717 (717D") 
719 (719D*) 
0-713 
lf-Decoding | 
Binary 40 
(723D") 
4 (724D*) 
733 (733D*) 
734 (734D") 


' 
*Contain isolation 
for multiplexing 


ready to serve in a variety of applications including missiles, 
navigation and data processing. 
. backed by the 
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shen turn 


Full scale 
Capacity 


13 bit 8 count 


oil-fille 
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A 0.1% ACCURACY 
AC SOURCE! 


KIN TEL’s New AC Voltage Standard is 
Ideal For Use in Calibrating AC Instruments... 
Evaluating Magnetic Properties... 
Designing Servo and Gyro Equipment 


The KIN TEL Model 6014 is an exceptionally stable and 
accurate source of AC voltage. It needs no external 
oscillator, contains no electromagnetic servos. Simply 
dial the desired frequency — 60, 400, or 1000 cps— and 
adjust the RMS output in tenth-volt steps between 1 
and 501 volts. Use a multi-turn control to set the voltage 
between steps to a resolution of 100 microvolts. 

You can draw up to 25 watts from the output at any 
voltage between 5 and 501 — up to 5 amperes below 5 
volts — without distortion or loss of accuracy. Short 


term stability is within +0.01%, and the effective out- 


put impedance is on the order of 0.001 chm. The output 
is completely guarded, floating, and isolated from the 
AC line and chassis ground. Write for detailed literature 
or demonstration. Representatives in all major cities. 
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OUTPUT VOLTAGE 


OUTPUT FREQUENCY 


VOLTAGE ACCURACY 


VOLTAGE STABILITY 
WAVEFORM DISTORTION 
OUTPUT CAPABILITY 


OUTPUT IMPEDANCE 


PRICE 


5725 Kearny Villa Road 


1 to 501 volts RMS, adjustable 
in 0.1 volt steps and by multi-turn 
potentiometer to resolution of 100 uv 


60, 400, or 1000 cps within 1% 


Within +0.005 volt or 0.1% of 
dial reading 


0.01% 
<0.3% 


5 amperes up to 5 volts, 
25 watts above 5 volts 


On the order of 0.001 ohm 
(with constant load) 


$4500. 


a Om sSsiom OF 


San Diego 11, California 
Phone: BRowning 7-6700 
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IN ADVANCED DIGITAL INSTRUMENTS 





EPSCO DELIVERS ITS SPECIFICATION 


FEATURES: 


2 microsecond “aperture” time. 


4 milliseconds per conversion 
(2 milliseconds for negative polarity). 


5 printer readings per second. 
Logs AC, DC or resistance. 


All solid state, modular plug-in 
construction. 


Slide mounted printer. 

Only 104%” H X 19” W X 17” deep. 
Multi-channel operation with DS-200. 
Flexible programming. 

Front panel control of rate. 

Spare columns for additional data entry. 
Simultaneous hard copy and 4221 BCD 
output. 
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Epsco’s Solid State Data Loggers are completely self-contained sub-systems. Built 

around the famous Epsco DVM and DVOM, they integrate 4 millisecond Analog/ 

Digital Converter and 5 line/second hard copy printer, simultaneously displaying 

digital decimal values and making permanent records, including polarity and 
range. These Data Loggers can be 
programmed for internal variable 
measurement rate control or exter- 
nal control from an arbitrary clock 
pulse source. They offer superior 
reliability and accuracy as single 
channel recorders or, with Model 
DS-200 input scanning switch, for 
multiple channel applications. 
Write for bulletin 76001 


CPSCON™ oroure 


A division of Epsco, Incorporated, 275 Massachusetts Ave., Cambridge 39, Mass. Telephone UNiversity 4-4950 
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What’s Needed for Safe, Reliable Process Monitoring 
R. SHERRARD of General Electric Co. takes the Hanford reactor as an example and 


discusses monitoring system reliability and safety requirements for critical processes. 


Generalizing the Adaptive Principle—III 
]. E. GIBSON of Purdue University completes his three-part series with study of the 
ideal adaptive system, emphasizing the problem of searching for the desired optimum. 


Incremental Servos—II: Operation and Analysis 
S. ]. BAILEY of Vitro Corp. of America examines typical solenoid-ratchet and phase- 


pulsed synchronous stepping motors and then dynamically analyzes stepping controls. 


Hints for Improving Relay System Reliability 
B. K. LEDGERWOOD of Conrrot ENGINEERING summarizes tests run by Allen- 
Bradley Co.’s personnel in which they studied importance of relay application factors. 


Infrared Analyzer Controls Hydrocarbon Extraction Process 
D. M. STAGG et al of Dow Chemical Co. reduce the giveaway of propane by about 
$7,000 per year and obtain additional savings from eliminated control laboratory analyses. 


Data File 43—Simple Template Makes Bode Plots Easy 
C. A. STAPLETON of Univ. of New South Wales, Australia presents design for tem- 
plate that speeds and simplifies the making of accurate Bode frequency response plots. 


Digital Logic Improves Photoelectric Length Measurement 
R. STERNS of Logic Systems, Inc. compensates for variables such as strip speed and 
skew with pulse circuitry logic that measures sheet length to plus or minus 0.001 in. 


Wind Tunnel Interrupts 709 for Fast Data Reduction 
T. M. BELLAN of McDonnell Aircraft Corp. speeds plotting of processed test data with 


high speed data transmission system and interrupt feature on company’s computer. 


Two-Line Hydraulic Diagrams 
G. STELMACH of Blaw-Knox Co. proposes a new type of hydraulic diagram, patterned 
after two-line electrical schematics, that will simplify system synthesis and analysis 


Three-Axis Tape Control Runs Manufacturing Machine 


M. MURPHY of McGraw-Hill News describes a new, unusual three-headed tool that 
can mill, drill, ream, tap, and bore under the direction of two individual tape readers 


Continued on next page » 





IDEAS AT WORK 
Gas Diodes Indicate and Remember 


G. W. KREBS of Assembly Products monitors 700 pressures with simple low cost system. 
Three Magnets Make Simple Linear to Rotary Converter 


J. J. DIETZ of Thomas A. Edison offers unique converter with wide possibilitics 


Simulation OK’s C-Stellerator Power Supply Control System 


J. R. HURLEY of Allis-Chalmers studies system on an electronic analog computer. 


A Unique Analog Analyzer for Nonlinear Systems 
W.H. ALLISTON of Westinghouse Electric gets describing functions automatically. 


Two Stepping Motors Drive Tape in Versatile Transport 


Tape drive mechanism by Redifon Ltd., England makes possible a variable time delay. 





WHAT’S NEW IN THE CONTROL FIELD 

Newsbreaks in Control 

Computer to mechanize drafting; IBM makes it official; Britain wants that Soviet sale. 
100,000 Jam Interkama 

Iurope is booming, measured by tremendous turnout at the world’s biggest control show. 
TV and Magnetic Tape Speed Air Force Warehousing 

Automatic materials handling system takes supplies from trucks and puts them on planes. 
Electronic Teacher Conditions the Reflexes 

First machine ever built on conditioned response principle trains keyboard operators. 
Will Production Monitoring Spur Textiles? 

Production control was one of the highlights of Annual Southern Textile Exposition. 
Union Explodes over Automatic Train 

Transport workers prepare to fight crewless train as tests of automatic system succeed. 
Telechrome Builds a New Image 


Company that was started to market color T'V grows with controls for the steel industry. 





~ 
Control Personality— R. H. EISENGREIN 
Control engineer opens some nonconservative doors at a conservative machinery firm. 


Industry’s Pulse—A Rebuttal by the Military 


Air Force Officer in Minuteman program reviews new book that flays missile control. 
Editorial—Open Books Open Minds 


Employers begin to encourage information exchange through pages of the technical press. 


New Product Developments 


Meter relay is first application for potentiometer-d’Arsonval movement combination. 


Abstracts of Technical Papers 
Japanese use Hall effect displacement transducer in electronic process control system. 


Annual Control Engineering Editorial Index 


Index by subject matter and author of all reference material published during 1960. 
10 Shoptalk 163 Bulletins & Catalogs 183 Meetings Ahead 
16 Feedback 180 New Books 184 Reprints 


CONTROL ENGINEERING, December 1960, Vol. 7, No, 12. Published mo by McGraw _2 Publishing ag In 
Exeoutive, editorial, circulation, and ae | offices: 330 West 42nd ares ew York 36, N. Printed in Albany, Y 
second class postage Ly at Albany, N Y., and at New York 1, N. Y. subscription rate fer individuals in the fisia of 
publication: $5 per Further details, p 6. POSTMASTER: Please ond | Form 3579 to Fulfillment it Manager, Control] Engi- 
neering, 330 West paznd § Street, New York 36, N. Y. 








obsolete counters 
lid state reliability cost so little more? 


Can You Afford To Settle For Less? If you are consider- 
ing any counter, will your engineering judgement and 
sense of real economy dictate purchase of old fashioned 
equipment? Stop and look at the merits of solid state 
counters. Did you know that the reliability of all CMC 


Announcing the CMC 728A 
A SOLID STATE 20 MC UNIVERSAL COUNTER-TIMER 


Introduction of the CMC 728A marks another fre- 
quency step-up from the company that brought you the 


first transistorized universal counter-timers. CMC, the 
leader in truly advanced counting, timing, and frequency 
measuring equipment offers 100 kc, 250 kc, 1 me, 
10 mc and now 20 mc all solid state instrumentation. 


solid state counters is backed with a 2 year warranty — 
double the guarantee of tube counters? Did you know 
CMC’s solid state 10 mc universal counter timer only 
costs $200 more than comparable vacuum tube 


counters? That’s the beginning. Compare the rest of 
these specifications. 
Compare the 20 mc Solid State Universal Counter- 
comparable vacuum tube counters. This might 
lead the discerning engineer to think that at 10 mc, 
vacuum tubes are driven “hard”, right to their 
1 capacity. And he'd be right. 


a 
Printer Output 75 
75 


Time Interval 
Section 


oe a 


More Information— For complete technical infor- 
mation on high reliability solid state counting in- 
strumentation, call your nearby CMC engineering 
representative, offices in 33 cities throughout the 
U.S. and Canada, or write directly to Dept. 21. 


27 Ibs. 


ected 21%—9"H x 20°W x 2314”D 7°H x 17°W x 13”D 


| Accuracy = + 1 count + crystal stability | + 1 count + crystal stability 
Remote Programming | __rotavallable | ___ Standard option 
1 wsec to 10’ sec in 


Time Interval 0.1 wsec to 10° sec in 
Measurements 1 wsec increments 


0.1 usec increments 
Depstoiie | _Ocpeto3me 
0.001, 0.01, 0.1, 0.000001 to 10 sec 
1.0 & 10 sec in decade steps 
10 to 1 multivibrator decade ividers = 


1 year 


Computer 
Measurements Co. 


A Division of Pacific industries 
12970 Bradley Avenue, Syimar, California 
Phone: EMpire 7-2161 
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-IN-ONE 


AMCO ENCLOSURE SYSTEM 


+ 


Custom 


Provides Cooling, Mounting and Lighting 
in Modular Enclosures for Electronic 
Instruments in Any Installation 


No one type of enclosure meets all environmental and 
physical demands. AMCO has developed 3 complete 
systems integrated into 1 system with interchange- 
able accessories, applicable for both commercial and 
military use. 


CUSTOM...Whenspace and appearance are critical 

.16 ga. double- channel steel frames, based on 
increments of 19%" widths, supports in excess of 3000 
lbs. Multi-width panels and cowlings give single-unit 
appearance with series mounted racks. Meets EIA 
Standards, 


SEMI-CUSTOM ... Heavy-duty, more internal clear- 
ance... 14 ga. box-channel steel frames, 12 ga. gusset- 
ing provides exceptional rigidity both’ front. to-back 
and side-to-side. Frames based on 22!%” increments 
provides clearance for recessing 19” wide panels. 
Meets EIA Standards. 


ALUMINUM ...Unique! Meets any size...almost any 
configuration from 6 basic parts... 3 castings and 3 
extrusions. Any size from 6” to 20 ft.; any slope from 
0° to 90° is standard. Mil Specs strength and material 
6061-T6 extrusions and 356-T6 castings 

Amco manufactures all necessary blowers, chassis 
slides, doors and drawers, writing surfaces, cowling 
lights and other accessories. Check the extra sav- 
ings you get thru Amco's combined-discount system 
of racks and accessories. PLUS FREE ASSEMBLY 


Amco is your one complete source of Modular Instru- 
ment Enclosure Systems and Accessories. Write today 
for catalog of complete specifications. 


~ 
6... 
* 


REALISTIC 3 WEEK DELIVERY 





Factory trained representatives in principal cities 


of U.S. and in Canada 
o> AMCO ENGINEERING CoO. 


7333 West Ainslie Street, Chicago 31, Iilinois 
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10 ADVANTAGES 
OF DESIGNING WITH SYLVANIA COLD CATHODE 


DECADE COUNTER TUBES 


1 Sylvania Decade Counter Tubes combine actuating 
and direct visual readout capabilities. (Visual informa- 
tion is obtained by observing a sharply defined ion glow 
moving around a common anode on a peripheral ring of 
30 cathodes.) 2 This significantly reduces circuitry and 
component requirements, 3 enables compact design, 4 
enhances circuit reliability, 5 reduces equipment costs. 


Further, Sylvania Counter Tubes feature 6 ‘‘add-sub- 
tract” capabilities, 7 low power requirements, 8 com- 
paratively low cost. They offer 9 improved performance 
under standby operation, 10 reliable long life. (As 
assurance, large samples are tested under standby con- 
ditions, thermal and mechanical shock conditions, and 
cycled life operation.) 


Have a design problem? Count on your Sylvania Sales 


Engineer for full data and engineering assistance. For 
the informative Decade Counter Tube Handbook, con- 
tact your Sylvania Industrial Tube Distributor or enclose 
15¢ to Electronic Tubes Division, Sylvania Electric 
Products Inc., Dept. 1312, 1100 Main St., Buffalo 9, N. Y. 





Min. Aneto Min. Double - me 
se in. Dowd! 
arent Vol Amplitude Pulse wists 


Sylvania 
Types Max. (Vde) (v) 





(0-4KC) 
6476(T-11) 


6802(T-9) 03 0.6 
6879(T-542) 








(0-100KC) 

6909(T-9) 

6910(T-11) 06 08 
7155(T-5¥2) 
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Subsidiary of GENERAL TELEPHONE & ELECTRONICS ‘e) 
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MICRO SWITCH 
Modular 
Lighted 
Push-Button 


Switches 


ec ececeseses 
2 Ba | 


See our exhibit at the Eastern Joint Computer Conference o on 
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MICRO SWITCH Precision Switches 


HONEYWELL 


Modular Customizing... 


Give your control panel a touch of tomorrow in appearance, the 
assurance of MICRO SWITCH reliability, and the customizing that will 
precisely fit your control and display functions. These Series 2 lighted 
push-button switches perform both control and indicator jobs which 
saves panel space on computers, graphic flow panels, electronic data- 
processing equipment and many other installations. They simply 
snap together to fit your styling requirements, then snap into slots 
in the mounting panel—all without tools. 


Complete design freedom... 
units serve as remote indicators 
only or indicator-switches 


You have complete design flexibility. Select from 48 different units 
and 16 mounting barriers differing in size and color. Forty different 
color display screens include lateral and longitudinal color divisions. 
Indicators and operator-indicators are available with 2 or 4 lamps 
and light output of lamps may be colored by choice of 4 different 
color filters. You may choose operator-indicator switch units or in- 
dicator units only. These modular units meet the very latest require- 
ments for panel design in the field of Human Engineering. 


© 
# 


leweecosenet 


Reliability ... 
from the best in basic switches 


The last word in the reliability of your control panel depends on 
the basic switches used. You can be sure of that reliability with 
MICRO SWITCH units, and you can choose from eight different series 
of basic switches to fit your requirements exactly. These include 
switches for low-energy circuits, for handling D.C. loads up to 10 
amperes, 125 volts, and for direct control of A.C. motors of up to 
two h.p. Alternate-action units, momentary-contact units and others 
for the control of multiple circuits are also available. Write for 
Catalog 67 or contact the nearby MICRO SWITCH Branch Office 
listed in the Yellow Pages. 


MICRO SWITCH ... FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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New Sprague 


TYPE 2N501 


micro-alloy diffused- 
base transistors for 


SUPER HIGH-SPEED 
SWITCHING 


Here’s the fastest switching tran- 
sistor in commercial production 
today! Sprague Type 2N501 Ger- 
manium Micro-Alloy Diffused- 
Base Transistors not only exhibit 
excellent high gain and high 
frequency response, but also dis- 
play unusual stability and high 
operating efficiency under severe 
environmental conditions and 
life tests. Type 2N501 Transistors 
are unexcelled for ultra-high 
speed computer applications. 


Ultra-precise process control 
in manufacture results in superb 
and consistent high quality. Spra- 
gue mechanized electro-chemical 
process of fabrication takes the 
guesswork out of transistor man- 
ufacturing. The result is outstand- 
ing product uniformity at exe 
tremely reasonable prices. 

Write for complete engineer- 
ing data to the Technical Litera- 
ture Section, Sprague Electric 
Company, 407 Marshall Street, 
North Adams, Massachusetts. 


SPRAGUE , 


THE MARK OF RELIABILITY 





SHOPTALK 


Information systems in retrospect 


For several years it has been apparent that the information 
processing function in control systems was on the rise. Indi- 
vidual control loops have been coordinated by on-line control 
computers in the processing industries; machine tools, rolling 
mills, and other manufacturing machinery have been con- 
trolled by numerical programmers and on-line computers, and 
data accumulation has become more prevalent; missile control 
and ground support systems and defense intelligence nets all 
have high information handling equipment content—the list 
could go on and on. But these are now history; what does 
the future hold? 


Information systems in the future 


The editors of ConrroL ENGINEERING foresee the intercon- 
nection of automatic unit operations (machine tools, materials 
handling systems, automatic inspection systems) by produc- 
tion monitoring and control systems; they foresee the coordi- 
nation of several processes and plants based on such factors 
as raw materials cost, processing efficiency, and transportation 
alternatives; and they foresee a more direct influence of busi- 
ness decisions on production planning and of production 
performance on business decisions. But the question is: 
What do these developments mean to CONTROL ENGINEER- 
ING and our readers? As these operations become mechanized 
and more automatic, a common denominator springs up 
through the medium of the techniques and equipment of 
automatic information transmission, automatic information 
processing, and automatic information display. These are 
areas where the control engineer's knowledge of automatic 
control, computation, and decision making will serve him 
well. This knowledge will make him the key figure in apply- 
ing information systems to control. 


information systems in Control Engineering 


To adequately serve this expanding portion of control engi- 
neering technology, all future issues, starting with January 
1961, will include a special feature department devoted to 
the techniques, equipment, application, and theory of in- 
formation handling systems as they relate to control, whether 
the system is phy sically connected to the process (as a data 
accumulator would be) or whether humans close the loop (as 
in the generation of business decisions). This new rior 
ment, plus backup coverage in What’s New, New Products, 
Ideas at Work, etc., will be in addition to our regular estab- 
lished coverage. Associate Editor Ed Kompass will bear the 
responsibility of keeping CtE’s readers abreast of develop- 
ments in this area of control technology with which they will 
be increasingly concerned. 
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ONVERSION 


TAILORED TO YOUR NEEDS! 


If you are in the early stages of product or system planning 
requiring power conversion, Vickers EPD can render in- 
valuable assistance with its experience, engineering skill 
and production facilities. Here are some suggested appli- 
cations of EPD custom-tailored power conversion units: 


WB High current power supplies for variable speed motor drive 
controls, nuclear and plasma research electro-magnets, and other 


related devices. 


FOR COMPLETE INFORMATION, CONTACT YOUR NEAR- 
EST VICKERS EPD FIELD ENGINEERING OFFICE 


Engineering positions open. Write to personnel manager. 


Ss Precision power supplies using both ferro-resonant 
and semi-conductor devices for applications in auto- 
mation controls, radio and radar transmitters, and 


as custom laboratory supplies. 


2 Static frequency power triplers for resistance weld. 


ing and induction heating uses. 


HB Many other rotating and static power conversion 
devices custom designed and produced specifically 


for your applications. 


VICKERS INCORPORATED 


Division of SPERRY-RAND Corporation 


facectric ropucts Division 


EPA 4000-1 


1803 LOCUST STREET 
SAINT LOUIS 3, MISSOURI 


FIELD ENGINEERING OFFICES: ST. LOUIS, CEntra/ 1-5830 * CHICAGO, JUniper 8-2125 + DETROIT, TOwnsend 8-5! * CLEVELAND, FDison 3-1355 
NEW YORK, Lfnnox 9-515 * WASHINGTON, D. C., EXecutive 3-2650 *« LOS ANGELES, SPruce 461 + BOSTON, Cfdar 5-6815 
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From this modern new headquarters and 
manufacturing plant in Phoenix, Arizona 
General Electric Announces... 


AVASTNEW 
EXPANSION 
~ INCOMPUT 
FACILITIES — 


% New Information Processing Center 












@ New Sales Office 


@ Existing Sales Office 











GENERAL ELECTRIC COMPUTER DEPARTMENT ADDING 


11 NEW INFORMATION PROCESSING CENTERS AND 10 NEW SALES 


OFFICES TO THE 16 SALES OFFICES NOW OPEN! 


To better serve your computer needs, eleven new 
Information Processing Centers will be opened 
within the next year-and-one-half in addition to the 
two Information Processing Centers now operating 
in Arizona. Site surveys are proceeding in seven 
other key cities for additional processing centers. 
Ten new computer sales offices will be added to six- 
teen now open (General Electric presently operates 
offices in 350 key cities throughout the U.S.). 
These vast expansions of facilities, manpower and 
actual operating computer systems are the direct 
result of customer confidence in the General Electric 
Company Computer Department and the great 


EXISTING SALES OFFICES 


expansion of the computer industry as a whole. 

General Electric’s competence in the computer 
field is the product of 40 years’ experience. General 
Electric provides computing and information proc- 
essing systems for business, industry, science, engi- 
neering, education and defense. 

If you are considering the application of a com- 
puter to your firm’s operation, contact the existing 
Computer Department sales office nearest you or 
write directly to: 

General Electric Company * Computer Dept: 
* 13438 North Black Canyon Highway « Phoenix, 
Arizona...today! 


Boston, Massachusetts 
Chicago, Illinois 
Cleveland, Ohio 

Dallas, Texas 

Los Angeles, California 
Louisville, Kentucky 

New York, New York 
Philadelphia, Pennsylvania 
Phoenix, Arizona 

Pittsfield, Massachusetts 


San Francisco, California 
Schenectady, New York 
Seattle, Washington 

St. Louis, Missouri 
Syracuse, New York 
Washington, D.C. 


NEW SALES OFFICES 
Atlanta, Georgia 
Cincinnati, Ohio 


Denver, Colorado 
Detroit, Michigan 
Kansas City, Missouri 
Minneapolis, Minnesota 
New Orleans, Louisiana 
Pittsburgh, Pennsylvania 
Richmond, Virginia 


NEW INFORMATION 
PROCESSING CENTERS 


Boston 

Chicago 

Cleveland 

Dallas 

Minneapolis 

New York City 

San Francisco Bay Area 
Seattle 

Philadelphia 
Washington, D.C. 


Columbus, Ohio 


Atlanta 


General Electric— Pioneer in computer systems for all phases of business, industrial, scientific, engineering and financial endeavor. 


Fae tls 
Nation's first MICR* Information Processing 


Center... with GE 210 computer system. manufacturing facilities. 


*Magnetic Ink Character Recognition 


General Electric computers on test in modern 





GE312 control computer now operating in various 
industrial applications. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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counts and stacks newspapers automatically—and can be pro- an automatic pump off control for stripper oil wells—stops the 


No more hand stacking. This newspaper counter-stacker No more dry pumping. Cutler-Hammer’s new development— 
grammed to automatically vary the stacks to meet route schedules pump when oil has been lifted. Saves the pump, ups production. 


x 


~~ ¢ 
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| om | 


What’s new in contro/ for automation? 


A blast furnace 
that charges itself 


More efficient automation because 
the Cutler-Hammer control systems 
man was called in at the start of 
planning. The art of charging a blast fur- 
nace is now a science. 

Cutler-Hammer control engineers, with 
the furnace builders, worked three years to 
put all charging control functions into one 
integrated system. Now, the proper material 
in the proper amounts, all in a proper se- 
quence are delivered to the furnace bell— 
automatically. 

Every step of the operation can be checked 
visually on master control panels. Nothing 
is left to chance. The added cost of this 
kind of charging control is relatively insigni- 
ficant. Complete flexibility in selection of 
furnace charging programs now makes pos- 


sible optimum blast furnace performance. 


Why you should call in the electri- 
cal control man early. Cutler-Hammer 
has been increasing productivity and lowering 
costs for many different companies in many 
different industries for years. This is a major 
reason why Cutler-Hammer should be called 
when you slari your automation planning. 


The company on the move. There’s a 
new vitality at Cutler-Hammer—a new de- 
sire to solve problems. We’ve planned for 
the gigantic expected growth of the sixties 
and now we’re ready—with new plants, new 
engineering talent, new and better products. 
We'd like to tell you about ourselves if 
you’re planning ahead. Contact the Cutler- 
Hammer sales office nearest you. 


Automation is more efficient when the control expert is called in early. 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wisconsin © Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 
tiammer International, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Harmmer Mexicana, S. A. 
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MEASURING 


FLOW? Now you can assemble | 


complete digital systems using only 
standard components. All equip- 
ment is matched output-to-input 
to save engineering time and the 
cost of specially-tailored hardware. 
The simple system below may be 
expanded ten-fold in complexity. 


ASSEMBLED BUILDING BLOCKS 
MAKE A DIGITAL SYSTEM... 


Waugh 
flow 
transducers 





Beckman 
scanner 


EPUT® meter 
indicates flow 
in gals /min. 
or Ibs /hr. 


Beckman 
speed printer 
records all 
rates 





Write for free 
16-page survey 
Digital Building Blocks | P 8 ee 
* | of illustrative 
ere | systems for 
— | measuring 


- | temperature, 
Beckmer | ] 


aan | force & flow. 


speed, pressuré, 


FEEDBACK. 


Adaptives should optimize economics. 
To THE E.prror— 

I have read Prof. Gibson’s article 
on the adaptive principle (Aug. ’60) 
with considerable appreciation and 
interest. The criticism here offered 
concerns his omission of an economic 
criterion for optimization in his other- 
wise extensive discussion of figures of 
merit. We all recognize that the 
only satisfactory basis for optimization 
is economic, whether explicitly and 
quantitatively, or whether only im- 
plicitly in the nature of the criterion 
chosen. I readily admit that a com- 
plete assessment of all economic fac- 
tors is seklom possible for accurate 
economic optimization, but I do think 
we should recognize, in principle, that 
IRAR (impulse response area ratio) 
and other such criteria are only half- 
way stages toward this end. 

To be specific, it helps to divide 
costs of any system into: 

(a) the expense functions 

(b) the revenue functions, includ- 

ing good-will, or its negative, 
a penalty functon due to im- 
perfect performance. 


An optimizing or adaptive system 
should monitor parameter(s) of the 
system so that operation occurs at 
least penalty, or maximum profit, etc. 

As an example of this thinking, con 
sider Prof. Gibson’s example of op- 
timizing jet engine performance. 
Changing the fuel flow, and hence 
pressure ratio, changes the aircraft 
revenue, possibly as shown in my 
figure. Similarly, the operating costs 
(fuel, wages, etc.) of the aircraft 
change. Hence an economically-based 
adaptive control would maximize the 
difference between revenue and costs, 
point B in my figure. This would not 
necessarily be the point of maximum 
pressure ratio A. A computed modi- 
fication of the pressure ratio signal 
might permit the circuit of Prof. Gib- 
son’s Fig. 12 to approximate the eco- 
nomic optimization. 

I admit the present difficulty of 
gathering adequate information but 
plead for acceptance of the principle 
of economic optimization in our think- 
ing. Such thinking has long been 
qualitatively applied by business man- 
agement and is now being quantita- 


BASIS OF ECONOMIC OPTIMIZATION 





COSTS 


REVENUE 





Thrust (aircraft 
speed) 


Thrust/b 


Pressure ratio 





Fuel flow 


Fuel flow 





Aircraft speed 
Fuel 


Maintenance 
Wages 


Speed 








Pressure ratio (thrust) 


Block speed 





Aircraft speed 


Including ‘good will" 








Aircraft speed 











1 A 


= revenue -—costs 


~ A-Optimum’ of Gibson's Fig.9 


B-Possible economic 
optimum 


Fuel flow 
BA 


Profit 
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Beckm ar Berkeley | 
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Richmond 8, | 
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Speed 
Z/ speed, Fuel flow 
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These Sub-Miniature Systems provides 

+ Continuous Latitude Longitude Present Position + Course 
and Remaining Distance to Destination « Course and _ 
Remaining Distance to Base or Aiternate Destination 

+ Automatic Display of Wind Velocity and Direction 

* Steering Information « True Ground Track 


YOU WILL WANT TO CONSIDER CPPC 
NAVIGATIONAL COMPUTERS BECAUSE: 


THEY EXIST NOW —have been delivered to customers, 
4 ons exhaustively tested and found to better the spec for accuracy 
and performance. 


OFFER HIGHEST ACCURACY. Why settie for 
more than 1% error in Present Position? Clifton units have 
been testing out better than 1%. Wind direction and force 
information from the Doppler has proved extremely accurate. 


VERY FLEXIBLE AND SERVICEABLE. 
By a simple change of modules, these systems may be 
adapted to any aircraft from a hovering helicopter through 
a 230 knot observation plane to a mach 2 bomber or fighter 
plane. The same modular design permits ease of access for 
servicing and reduces quantity of parts to be provisioned. 


For full information, write or telephone: Sales Dept., 5050 State Road, Drexel 
I Hill, Pa., MAdison 2-1000, TWX LNSDWN, PA. 1122(U), or our Representatives. 


CLIFTON PRECISION PRODUCTS CO., INC. 


CLIFTON HEIGHTS, PA. 


| Cppe 
CIRCLE 17 ON READER SERVICE CARD SYSTEMS DIVISION 


105° 00’ w 





WHAT IF YOU GET NO WARNING 


UNDER VIBRATION? 


Vibration is one of the cruelest enemies of 
pressure switches. The unit that performed so 
well in the lab can have its insides shaken 
apart when vibration hits a resonant fre- 
quency. 

The only way to be assured of satisfactory 
performance is to run the pressure switch 
through tests that duplicate every known op- 
erating requirement. 

Take Model 6885 shown at right. Integral 
vibration isolation between mounting bracket 
and switch body makes possible exceptional 
performance under shock and vibration. Its ac- 
curacy is +4% under all conditions, including 
ambient temperatures ranging from — 75°F to 
250°F, as well as vibration at all frequencies 
through 2,000 cps. It weighs only 10 oz., 
measures 33%” to 434”. 

Do it yourself. Take one of our Model 6885 
units and run it through six weeks of testing 
as we did. 

Or save six weeks by asking for our test 
data on a full line of pressure switches and 
choose the units that fit your needs best. Call 
Mr. Charles Colt at Consolidated Controls, 
Bethel, Conn. Phone Pioneer 3-6721. 


Inches of Water 
to Hundreds 
of Atmospheres 


Model 6885 shown above is one of 
more than 300 pressure switches 
available from Consolidated Con- 
trols for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F, 
Standard models for 

* high vibration 

¢ differential pressures 

« hydraulic 

* miniaturized applications 

« high temperature 


CONSOLIDATED CONTROLS CORPORATION 


7 AMember 
of The Condec Group 
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FEEDBACK 


tively applied through operations re- 

search (linear programming, etc.) and 

more recently through process control 
by computers. 

J. H. Milsum 

National Research Council 

Ottawa, Canada 


You're so right, but: 


To THE Epiror— 

Dr. Milsum is entirely correct that 
the figures of merit I discussed are 
only half-way stages toward the ulti- 
mate economic criteria. He also hits 
the mark with his summary. Indeed 
it is difficult to establish economic 
goals in functional language that may 
be used by the system. It will prob- 
ably be necessary to separate short 
term goals from long term goals, as 
business does today. The middle level 
manager must show a profit each year. 
Constraints are presumably placed 
upon him, however, by upper level 
management due to their (perhaps?) 
somewhat different goals of long term 
growth and continuing profit. 

R. Bellman (Dynamic Program- 
ming, Princeton University Press, 
1957) has moved one step in the 
right direction with an index of per- 
formance made up by summing two 
parts. The first part is a function of 
the error of the system and thus con- 
forms to the indices discussed in my 
article. The second part, however, is 
a function measuring the cost of con- 
trol, that is, the cost of the deviation 
of the system from its optimum. An 
accurate determination of this func- 
tion may be very difficult in any given 
case but is obviously worthwhile. 

Our research in adaptive controls 
at Purdue has emphasized the concept 
of the index of performance or figure 
of merit for several reasons. First, it 
forces the designer to be explicit about 
exactly what he wants from his con- 
trol systems. This is a difficult ques- 
tion, of course. Second, it is obvious 
that no system can be better than its 
index of performance. We are begin- 
ning work on systems that modify 
their own indices of performance in 
the light of operating experience. In 
a sense it might be said then that these 
devices will exhibit certain aspects of 
learning. Certainly an economic cri- 
terion could be incorporated in such 
a device. 


John E. Gibson 
Purdue University 
Lafayette, Ind 
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XY-(T) RECORDER: 


NIEA\A/ | 


Model 135 AUTOGRAF 


Ulhdgemetelaeler-lemmae-lalsisicelaraste 


circuitry. Built-in calibrated X-axis 


time sweeps; 16 calibrated ranges (each 


axis) plus stepless range control. Portable, 


rack or table mount, 10’s" x 16%" x 4%", weighs 
only 20 Ibs.! Includes all popular AUTOGRAF 


features for maximum usefulness, versatility. 


recorders 


1960 


F.L. MOSELEY CO. 


Dept. H-12,409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208 Cable MOCOPAS 
Field representatives in all principal areas 6846 
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Typical control panel at Union Carbide’s Institute Plant has over 100 Foxboro Consotrol* indicators, recorders, and controllers. 
Pp > > 


for Union Carbide'’s Institute Plant...rapid, 


A sprawling chemical metropolis, stretching as far as the 
eye can see. That’s Union Carbide Chemicals Company’s 
Institute, West Virginia plant — producer of Ucont 
Fluorocarbon propellants and refrigerants. 

Foxboro instrumentation is used to help control 20 of 
the different processing units at the Institute Plant. Over 
10,000 Foxboro indicators, controllers, recorders, and 


transmitters are used, as well as thousands of Foxboro 
control valves. 

Union Carbide reports favorably on their Foxboro 
instruments. “In general, we find them easy to work on, 
easy to repair, easy to maintain.” And the company adds, 
“we appreciate the ability of the Foxboro engineers who 
work with us.” 


*Reg. U. 8. Pat OF. 
t Trade-mark of Union Carbide Corp 








Process is hydraulic — requires fast, sensitive instrument response, 


sensitive Foxboro control 


You'll like working with Foxboro, too. Unsurpassed 
instrumentation, both pneumatic and electronic; unsur- 
assed engineering and service. Ask your local Foxboro 
Field Engineer for the complete story. Or write for 
Bulletin 13-18. The Foxboro Company, 8512 Neponset 


Avenue, Foxboro, Massachusetts. 


Lab analysis is done right in the control room of 
this Carbide processing unit. Necessary process 


adjustments can be made on Foxboro controllers 


Ox BOR the minute technician detects the need. 


FEC. v.S. PAT. OFF. 
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The Emerson Research Laboratories at Washington, D.C., 
directly-recorded this chart on a Honeywell Model 906 
Visicorder. The chart shows a canceller test of a number 
of letters through a new mail-handling machine devel- 
oped by Emerson for the U.S. Post Office Department. 


In this test, the Visicorder took only 3 hours to reveal 
information that would have taken 3 weeks to get by any 
other means: what factors were responsible for the chang- 
ing speeds of letters as they traveled through the machine 
at the rate of 30,000 letters per hour. Constant letter- 
travel speeds were necessary in order to register the 
cancellation mark on the stamp every time. 


This Visicorder record revealed that motor speed varia- 
tions, belt slippage and slippage of the letter in the drive 
rollers were responsible. A synchronous drive motor, a 
timing belt drive and a better grade of rubber in the drive 
rollers were added to solve the problem—at a vast saving 
in engineering time. 


Milton Stovall, Emerson Project Engineer, uses the Visicorder to measure 
roller bounce caused by various letter thicknesses, and the consistency of letter 
speed through the new Emerson Automatic Mail Cancelling and Facing Machine. 


high-speed letter travel 


Recent Models of the 906 Visicorder 
incorporate time lines and grid lines 
and record up to 14 simultaneous chan- 
nels of data. 


The NEW Model 1108 Visi- 
corder, with many automatic 
features and the convenience of 
pushbutton controls, is ideal for 
intermediate uses requiring up 
to 24 channels of data. 


eeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeee 


The Model 1012 Visicorder is 
the most versatile and conven- 
tent oscillograph ever devised for 
recording as many as 36 chan- 
nels of data. 
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The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guar- 
antee exact reference regardless of possible paper shift 
or shrinkage; flash-tube timing system for greater accur- 
acy of time lines; superior optics for maximum linearity 
of traces. 


No matter what field you are in... research, development, 

computing, rocketry, product design, control, nucleonics 
. the high-frequency (DC to 5000 cps) Visicorder 

Oscillograph will save you time and money in data ac- 

quisition. 

Call your nearest Minneapolis-Honeywell Industrial Sales 

Office for a demonstration. 


Reference Data: write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


th 
PI ERING THE FUTURE 
YEAR 


Honeywell 
Qudustial Produste Gop 
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This new, inexpensive ip) plug-in lets you 


Still more versatility for 524 series counters! 
Order the measuring capability you 
need now—later add other plug-ins to 
increase counter usefulness. 


4 525A Frequency Converter 
$250.00, extends counter range to 100 MC 








Simple operation with 
plug-ins—high sensitivity— 
ideal for telemetering, 

mobile, production, 

general purpose measurements 


Now @ offers a completely new, 500 
MC plug-in — materially improving 
the versatility and usefulness, as well 





é 525B Frequency Converter 
$250.00, extends range to 220 MC 


cia aaas Aime 


— 4 


me 





dp) IS HEADQUARTERS FOR ELECTRONIC COUNTERS 


Standard of the industry for frequency, period, phase and time interval measurement — accurate, 


dependable, versatile, economical! 


~ @ 524C/CR ELECTRONIC COUNTERS (shown above) 


Measure to 10.1 MC individually, to 500 MC with plug-ins, to 
18 KMC with external accessories*. The @ 524C/CR also meas- 
ures time interval 1 usec to 100 days or period 0 cps to 100 
KC, automatically, directly, without tedious calculation or 
interpolation. Big, bright in-line readout. Maximum resolu- 
tion 0.1 wsec; stability 3/10° short term and 5/108 per week. 
High sensitivity, high impedance, @ 524C (cabinet -- shown 
above) $2,300.00; @ 524CR (rack mount) $2,275.00. 


@® 524D/DR Electronic Counter 
Offers electronic features identical to those of # 524C/CR 


except that it has eight-place neon columnar readout. @ 524D 
(cabinet) $2,150.00; @ 524DR (rack mount) $2,125.00. 


*with @ 540B Transfer Oscillator and @ P932A Waveguide Mixer 
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10 cps to 1.2 MC with new 0.1 v sensitivity. Bright in-line 
readout. Measures time interval 1 usec to 10° sec and period 
0.00001 cps to 100 KC and phase angle. Stability 2/10° per 


with automatic decimal. @ 523CR (rack mount) $1,485.00. 


# 523DR Electronic Counter 


Offers electronic features identical with those of @ 523CR 
but has six-place neon columnar readout. # 523DR (rack 
mount) $1,285.00. 
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— GOUNTER ACCURACY! 


as frequency range, of popular @p 524 
series 10 MC electronic counters. 

Combined with the @ 524C 10 MC 
counter, for example, the 525C plug-in 
offers measurement with high sensi- 
tivity to 500 MC yet retains measure- 
ment accuracy and even increases 
resolution at high frequencies. Also 
preserved are 524C measuring ease, 
digital recorder output capability and 
its big, bright in-line display. 


Specifications é 525C 


Range: Counter converter, 100 to 500 MC; counter 
amplifier, 50 KC to 10.1 MC. Direct connection for 
O to 10.1 MC. 


Accuracy: Retains accuracy of 524 Counter. 


Registration: 9 places, lst two on converter dial, 
next 7 displayed by counter. 


Input Voltage: 20 mv rms min., 50 KC to 10.1 MC; 
100 mv rms min., 100 to 500 MC. 


Input Impedance: Approx. 700 ohms, 50 KC to 10.1 
MC. Approx. 50 ohms, 100 MC to 510 MC. 


Price: #@ 525C, $425.00. 





& 526A Video Amplifier 
$175.00, increases sensitivity to 10 mv 





@ 5268 Time interval Unit 
$175.00, for time interval measurement 
1 usec to 10’ sec. 


ae 


& 526C Period Multiplier 
$225.00, increases period measuring accuracy 
with 100, 1,000, 10,000 cycle multiples 








0.00001 eps to 10 KC, Sines Siatieniek 34 ake SeS0* a0. 
Reads direct in eps, KC, seconds, milliseconds. Time base 
stability 1/105 per week; counts automatically, resets, action 
repetitive. Applications include 


power line frequencies, 


of physical quantities and phenomena. @ 522B (cabinet) 
$915.00; @ 522BR (rack mount) $900.00. 


Data subject to change without notice. Prices f.0.b. factory. 
See your nearest @ representative or write direct for information, demonstration of any ‘ electronic counter. 


HEWLETT-PACKARD COMPANY 

1053K Page Mill Road Palo Altc, California, U.S.A. 

Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 
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HEWLETT-PACKARD S.A. _ 


Rue du Vieux Billard No. 1 Ganbve; Geiiaieaiaaa! 
Cable “HEWPACKSA” —_Tel. No. (022) 26. 43. 36 
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Ledex 


‘Rotary Solenoid 


OO 


The Ledex Method of actuation 
and control gives instantaneous 
high-torque-to-size rotary motion 
and high-thrust-to-size piston mo- 
tion, for reliable remote mechan- 
ical actuation or remote control of 
rotary-type switches. 

The efficient Ledex Rotary Sol- 
enoid is the heart of this method. 
Available in 8 compact sizes, with 
operating voltage from 3 to 300 
V.D.C. Over 240 stock models 
ready for immediate shipment. 
Used in thousands of applications 
including valves, tape recorders, 
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High-torque-to-size rotary motion 
High-thrust-to-size piston motion 


e 


Cc 


INFORMATION 


1/30 SEC. 


waveguide switches, sorting equip- 
ment, gyrocaging, computers, wire- 
less teletypes, vending machines, 
typesetters, missile guidance and 
ground support equipment. 
Other Ledex Method products 
are Syncramental Stepping Mo- 
tors, Rotary Stepping and Select- 
ing Switches. Write for Bulletin 
A-1259, mentioning application, 
to Ledex Inc., Dayton 2, Ohio; 
Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Al- 
fred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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A CONTROL PERSONALITY 


R. H. Eisengrein 


points a tool builder to control 


Squeezed into the narrow confines of an Navy 
gun turret during World War IIl—maintenance 
manual schematic propped up at his side—General 
Electric troubleshooter R. H. Eisengrein carefully 
checked out the circuitry of the turret and gun 
director. As he followed the peregrinations of these 
pioneering automatic systems, with their wiring 
complexity and multiplicity of components, he 
wondered about the men who designed them, de- 
termined to be a control designer himself someday. 
Eighteen years later he can look back on a career 
in control that has carried him through automatic 
aircraft systems into the demanding industrial con- 
trol field. Today, as vice-president of the Elec- 
tronics Div. of Seneca Falls Machine Co., Bob 
Eisengrein is diversifying the one-time conservative 
machine tool builder into the control field. 

Looking at a mechanical power amplifier which 
Seneca had developed (CtE, July ’58, p. 113), 
Eisengrein saw in it the basis for an entire line of 
controls. He started searching for possible applica- 
tions and found the MPA replaced hydraulic sys- 
tems and de motors in machine tools and envisioned 
even more potential for it outside the machine tool 
business. For example, in one installation, the 
mechanical amplifier synchronized the rotation of 
two shafts involved in a TV tube manufacturing 
process, So great is the market for his controls, says 
Eisengrein, that he predicts greater Seneca sales in 
them than in machinery in the near future. 

Bob was born in New York City’s lost borough, 
Staten Island, and took the ferry ride across New 
York harbor each day to earn a BS degree in elec- 
trical engineering at Brooklyn Polytechnic Institute, 
graduating in 1941. He started out at GE with a 
year on its Test program, then joined the company’s 
Aircraft & Marine Dept. as a service engineer. 

After the war ended, Eisengrein realized that he 
would need more formal training if he was to do 
what he wanted in control systems engineering. So 
in 1947 he landed an assistantship at MIT, working 
in the Servo Lab under Gordon Brown and obtain- 
ing his Master’s degree in EE in 1949. While at 
MIT, Bob worked on the advanced fire control 
system for the B-45 and wrote his thesis around 
his research into noise in radar systems. 

His first chance to use his newly sharpened con- 
trol talents came when he joined Sundstrand Avia- 
tion as chief research engineer. He designed con- 
trols for electrical and hydraulic constant speed 
drives and was introduced to machine tool control 
when he helped develop a system to trace line draw- 
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ings of aircraft parts for Sundstrand’s Machine Div. 

Then in the autumn of 1954, Bob accepted 
Seneca’s bid to set up its controls division. He 
found himself tackling the two-edged problem of 
not only designing the company’s control systems 
but also of selling them—often to competing ma- 
chinery builders. But Eisengrein revels in his com- 
bination administration-engineering job. When he 
goes a little stale doing desk chores, he can still jump 
into his laboratory's work, “getting his hands dirty” 
in circuit development. And as evidence that he is 
still very much an engineer at heart, Bob points to 
his eight patents, issued in the past 10 years, with 
the most recent one only a few months old. 

Eisengrein finds more enjoyment, however, in 
selling his controls—because the challenge is greater. 
First he had to do a selling job on Seneca Falls 
management. But in return, Bob admits, he and 
his fellow control proponents have learned that they 
can’t change a whole machine just to accommodate 
the desires of the control designer. Next came the 
job of selling other machine tool builders on the 
idea of buying Seneca controls. And the biggest 
chore of all has been convincing control buyers in 
other fields that his MPA-based control units have 
something to offer in other applications. 

Bob feels his machine tool customers should be 
allowed to stay in the machining business. Seneca 
designs and builds the machine and its control, 
doesn’t leave the control choice up to the buyer. 





Special Works Memo 


TO... Product ion Engineer ing and Pr ogess Control Peete sin 


FROM __ Chief Engineer, Special =rojeot® Payiaion, © 


Tests have been 

Equipment Products, 

items might well be 
Preliminary details are:. 


(1) Avro High Temperature 
Strain Gauges 
———2_auges 
Strain or minute Structural 
variation measurable accurately 
S up to 1,000%%, 
istance cross 





bends around Small radii. Fixing 
is by proven adhesives, Illustration 
hot point use for 
Note that temperature 
compensating thermo couples may 
be supplied built into each gauge! 


(2) Limitea Angle Tacho- 
Generator 


Operates on a 30° angle about 

& mid position. 

Size 1" rotor (2" nominal dia. 
case 3.75" - There is also a 
3" diameter rotor generator 

for special order. 

Sensitivity 5 volts/radian/sec, +154 
Load 27 kil-ohms 

Frequency response 3 db down at 
37 cycles/sec. 

Winding resistance 1,680 ohms 45% 
Operating torque 500 gm. om. 
Direct lever drive eliminates 
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Newsbreaks 
In Control 


@ Japan Builds a Wind Tunnel 


Tokyo—Previously banned by the terms of the surrenderending World War 
II, Japanese interest in designing and building aircraft and missiles has been 
rekindled. Last month the Japanese government completed a Mach 1.4 
transonic wind tunnel at its Aeronautic Technology Laboratory of the 
Japanese Science and Lemur, § Agency. Instrumentation for the blow- 
down tunnel was built by the U.S.’s Datex Corp. 


@ Britain Wants That Soviet Business 


London—Britain’s Board of Trade and 621 British firms will spend $5.6 
million to stage a giant trade fair in Moscow next year. Covering a million 
square feet, it will be the biggest foreign display ever held in the Soviet 
Union. Over 2,000 British sellers will man the booths, and a 800-page 
catalog will be prepared for Russian visitors. 


@ IBM Makes It Official 


San Jose—IBM is officially in the process computer control business. The 
computer company, which has hedged its entry into process control for 
almost three years, has formed a Control Computed Systems Div. in San 
Jose. The new group will be headed by Dr. Cuthbert C. Hurd, who man- 
aged IBM’s preliminary entries into process control (at Standard Oil of 
Indiana and Standard Oil of California) . 


@ Computer to Mechanize Drafting 


San Diego—A project to mechanize the work of the draftsman with a general 
purpose digital computer is nearing completion at Stromberg Carlson Div. of 
General Dynamics. Design information will be programmed into the com- 
puter, whose magnetic tape output would run a SC-4020 high speed micro- 
film recorder which would then make the drawing. A normal sized drawing 
could be prepared in two sec. Fundamental to the system is the Automati- 

cally Programmed Tool System (APT—CtE, April ’59, p. 21) developed for 
the Air Force. Two companies are reported ready to install the computer- 
draftsman as soon as it is completed. 


@ Automatic Switching for TV Station 


Los Angeles—Television station KNXT has ordered a new computer called 
TASCON, Television Automatic Sequence Control, for an automatic 
switching system. Built by Thompson-Ramo-Wooldridge, Inc., the new 
computer, which can store about 2,000 events, will replace relay operated 
systems. Major advantage: flexibility. It is difficult to change information 
in the relay storage in a Y hurry. 
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100,000 
Jam interkama 


European production is on the rise. 


Record crowds make 


German instrument show biggest in the world. The trend: 
European designs are following the American lead. 


DUSSELDORF— 
.The collossus that could be Euro- 
pean industrial production stirred last 
month and appeared in a tangible 
form that awed even the most hard- 
ened international marketers. From 
all parts of Europe over 100,000 
visitors stormed the second Inter- 
kama, International Congress and 
Exhibition of Instrumentation and 
Automation, to look and to buy. 

Attendance at Interkama leaves no 
question that Europe is gearing up 
for mass production. The huge 
crowds testify to the role that instru- 
mentation and control will play in this 
growth. By hosting this mammoth 
exhibition, West Germany served 
notice on the world that she plans 
to carve out a major share of this busi- 
ness for German equipment builders. 

Of the total 470 exhibitors, 282 
were German companies. Of those 
from outside Germany, 46 exhibitors 
were from Britain, 40 from France, 
31 from the US., and 30 from 
Switzerland. 

Germany’s measurement and con- 
trol industry is now running at a $275 
million a year clip—up from the $235 
million a year sales reported at the 
first Interkama in 1957. Leading 
categories: mechanical and optical in- 
struments, $122.8 million; electrical 
and electronic measuring instruments, 
$78.75 million; and electric and elec- 
tronic controls, $33.2 million. 

But German makers are still suffer- 
ing with delivery delays. Some makers 
are quoting 12-18 months delivery on 
standard control equipment. These 
long delays have given U.S. manufac- 
turers an edge in quotations despite 
American companies’ higher prices. 

«Trend to follow—As a_ visitor 
toured the exhibition, one character- 
istic stood out: European manufac- 
turers have designed their equipment 
along conventional U.S. lines. As 


European companies start mass pro- 
duction (made possible by the estab- 
lishment of the mass markets of the 
“outer seven” and “inner six” eco- 
nomic blocs), they face the same pro- 
duction problems that have been 
solved by American mass producers. 
So European suppliers are developing 
equipment along the lines of that 
used by U.S. companies. A Foxboro 
representative, for example, counted 
14 copies of his company’s recorder 
at Interkama. 

German activity seemed greatest in 
the process control field. Hartmann 
and Braun AG of Frankfort tran- 
sistorized and repackaged its UMC 
electronic control system and intro- 
duced four new systems. Siemens & 
Halske AG, big control maker in 
Karlsruhe, introduced a continuous 
controller to make its line more com- 
petitive with U.S. equipment. Pre- 
viously S&H offered only an on/off 
pulse modulated controller. ‘The elec- 
trical control system built by Askania 
Werke AG of Berlin has been minia- 
turized. J. C. Eckardt AG of Stutt- 
gart is striving for simplified design: 
the company has built a new crossed 
bellows pneumatic controller that has 
only a single moving part. 

Solid state logic is another area 
winning wide German acceptance. 
Siemens, for example, reported that 
sales of solid state logic components 
have grown to 10 percent of the com- 
pany’s relay sales. ‘To take care of an 
expected bulge next year when the 
percentage should double, Siemens 
has 1,700 people making the solid 
state units at its Munich plant. The 
German company AEG also had a big 
static switching display at the show. 

But no country can explode tech- 
nically in every direction at the same 
time. German companies displayed 
few new developments in machine 
tool control, computers, or data han- 


dling systems. Nine machine tool 
systems, all experimental, had showed 
up at a German machine tool show 
earlier this year, but only two systems 
—both built by foreign suppliers—were 
at Interkama. Computers and data 
handling systems were taking a back 
seat to other developments. U.S. 
equipment dominated the process 
computer field, notably TRW Com- 
puters’ RW-300 and Librascope’s Lib- 
ratrol 500 and LGP 30. 

Here are some of the highlights re- 
ported by CtE’s European editor: 


Process control 


> Hartmann & Braun displayed 
four new basic electronic control 
systems to satisfy any combination of 
electropneumatic and electric opera- 
tion: Contronic W, Contronic G, 
Motric, and Tric. With ac inputs the 
W system usces inductive transmitters 
to feed a transistorized main amplifier. 
Four de inputs are available on the 
amplifier for mixing and introducing 
feedback signals. Integral and deriva- 
tive terms are supplied by a separate 
externally mounted time delay feed- 
back unit. 

The G system is a de version using 
force balance transmitters with a 
standardized 0 to 20-ma output. Main 
amplifier and output drives are the 
same as the W system. 

Motric, a completely electrical sys- 
tem, uses force balance transmitters 
similar to the Contronic G system. 
These feed an on-off PI controller to 
operate standard line voltage electric 
motor actuators. Proportional range 
covers 10-250 percent in 12 steps and 
integral time from 0.2 to 20 min. 

The Tric system is similar but has 
de output from the controller, avail- 
able in the ranges 0-5 and 0-20 ma de 
and 0-10 vde to operate electro- 
pneumatic valves or converters. The 
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NEW AT INTERKAMA 





Production control system built by 
computer-maker Zusek K-G. Running 
time for each production machine is 
reported at a central point, along with 


Electronic process control 
unveiled by Hartman @& Braun. 
Tric is for electro- 

pneumatic operation, Motric 
for all-electric actuators. 


scheduled production time and down time. 


O srrnianare | 


Automatic on-line 
titration unit 
displayed by Agfa. 


system’s proportional band covers 
5-200 percent; integral time and 
derivative times are 0.5-20 min and 
0-5 min. 

PSiemens & Halske’s new continu- 
ous controller, Teleperm KE, is com- 
pletely transistorized. It consists of 
three basic units: measuring unit, 
amplifier, and feedback system, all 
housed in a single panel mounting 
form. An_ electrostatic modulator 
with voltage sensitive capacitors con- 
verts the de deviation signal to ac for 
subsequent amplification. After phase 
sensitive rectification, a final de ampli- 
fier provides the power output. 

A second new controller, called 
Ipsopneu, was also introduced by 
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Siemens. It has electric input and 
pneumatic output. Ipsopneu was de- 
signed primarily for application in 
small plants where standardized trans- 
mission input values are not used. In- 
terchangeable Wheatstone bridge 
units supply deviation signals for 
resistance thermometer inputs and 
direct current and voltage inputs. An 
unbalance signal from the bridge 
operates a moving coil actuating a 
pneumatic force balance system. In- 
dicators show setpoint, deviation, con- 
troller output pressure, and valve 
position. 

> Askania-Werke’s new controller 
drives an output potentiometer with 
an integrating drag-cup motor—an in- 





novation to German design. The out- 
put dc signal then positions an electro- 
hydraulic actuator. The transistorized 
controller operates on a 0 to 50-ma 
dc input and 0 to 10-ma de output. 
>In a new pneumatic controller 
built by J. C. Eckardt, four bellows 
are mounted on a central pillar at 
right angles to each other within a 
containing ring. A nozzle, which is 
coupled to a static pneumatic ampli- 
fier, moves axially around the outside 
of the ring. Setpoint and measured 
value bellows are diametrically con- 
nected within the ring so that devia- 
tion signals move the ring with respect 
to the nozzle. When this deviation 
signal has been amplified, it is the 
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looking for... 
RELIABLERELAYABILITY ? 


specify the VG and VGS series 


Elgin’s hermetically sealed VG and VGS 
miniature rotary relays provide high 
sensitivity and high contact rating in less 
than one cubic inch. The VGS Series operates 
on the power of a single transistor. 


NGANDVGS SPECIFICATIONS 
contact arrangement OPDT(2formC) —s_— 
contact rating 5 amps @ 26.5 VDC or 
115 VAC 60 CPS resistive 
load eae 
VG: 340 milliwatts _ 
VGS: 125 milliwatts 
VG: 6 milliseconds 
VGS: 20 milliseconds 
10 milliseconds 
continuous a 
VG: 1006 VGS: 50G 
(MIL-R-5757C, 
shock test IE) 
10-55 CPS total max. 
excursion of 0.060 in.; 
CSG, SS-DOOO CPS 
amb. temp. range ss 65°C to +125°C 
life 100,000 operations @ 
rated resistive load 
(MIL-R-5757C) 
evacuated @ 2.5 in. HG 
ABS, degassed @ 10 
microns and 170°C, dry 
nitrogen filled & 
hermetically sealed 
H —0.875”; W—0.875”; 
L—1.125” 
___15 ounces 


ELGINBIRELAYS 


2435 N. NAOMI! ST., BURBANK, CALIFORNIA 


min. oper. power _ 
@2°c i 
max. oper. time @ 
nom. oper. power 
max. release time _ 
duty 


shock 


vibration 


enclosure 


‘dimensions 


weight 
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INTERKAMA (Cort.).......portents and prospects 


controller's pneumatic output. Feed- 
back of the output pressure is applied 
through throttling nozzles to the two 
diametrically coupled rate and reset 
belows, thus further modifying the 
containing ring position. Price of the 
three-term controller: $150. 

> Staub & Co., a Swiss concern, un- 
veiled a miniature recorder that is so 
small nine of them can be packed into 
a square foot of area. It has inter- 
changeable measuring units for dc, ac, 
temperature, load, and rated values 
variables. Price: $120. 

PGerate und Regler Werke, an 
East German Co. and one of the few 
exhibitors from the eastern bloc, 
showed a pneumatic simulator for sim- 
ulating systems up to sixth order. 
Pneumatic controller elements are 
mounted above six variable pneumatic 
delay units. By interconnection any 
type of controller can be simulated. 
Pneumatic oscillators determine fre- 
quency response. 


Industrial controls 


> Two static control systems—the 
Simatic by Siemens-Schuckerwerke 
and the Logistat by AEG—use con- 
ventional AND, NOT, and OR units. 
Meanwhile a Belgium company, Char- 
leroi, introduced a single unit logic 
element which performs many func- 
tions with its 17 inputs and three 
outputs. What functions are _per- 
formed are determined by cross wiring 
connections between rows of AND and 
OR terminals mounted on the base 
of the unit. One application of the 
Belgian unit is an automatic train 
braking control now being tested. 

> Combined digital-analog control 
systems are being used to reduce speed 
ratio scatter. Siemens-Schuckerwerke 
AG displayed such a control system 
for multimotor drives on a paper mill, 
claimed it cut speed ratio scatter over 
14-hr test period from the 0.25-per- 
cent limit of an analog system to 0.07 
percent with the combination. 

P Solid state digital control system 
to run the screwdown on a German 
rolling mill has been developed by 
Siemens-Schuckerwerke. The system 
stores 25 complete rolling programs. 
An unusual feature: a Hall generator 
with a permanent magnet is mounted 
on a measuring disc to provide solid 
state position detection to zero rpm. 

> New production control system, 
competitive to Siemens & Halske’s 


Productograph (CtE, Sept. 1960, p. 
140), was displayed by computer 
maker Zusek K-G of Bad Hersfeld, 
Germany, Named the Zuse Z70, it 
presents at a central location a three- 
concentric-dial display for each ma- 
chine. One dial shows scheduled 
production time for a job, one shows 
actual production time, and the third 
reports down time. An eight-button 
device is mounted on the machine so 
that the operator can punch in the 
start and end of production job and 
five reasons for down time. Through a 
telephone dial the operator can report 
his: employee badge number and the 
job number. 


Analysis instrumentation 


> New Agfa Titrograph performs 
continuous on-line titrations. It has 
no moving parts. By measuring the 
position of a precision regulator con- 
trolling air pressure in the enclosed 
standard solution tank, the system 
determines the flow of standard solu- 
tion required to maintain the correct 
pH value for the titration endpoint. 
Deviation of the pH value from the 
known end point setting is amplified 
to drive a de motor which operates 
the pressure regulator plunger. In- 
ductive pickoffs sense the plunger 
position, provide a 0 to 50-ma output 
for direct recorder operation, the 
result being proportional to unknown 
solution strength. ; 

But for the most part German in- 
dustry is dragging its feet in analysis 
instrumentation. There is little avail- 
able in the areas of gas moisture moni- 
tors, refractometers, and sulfur trace 
monitoring equipment. European 
companies, on the other hand, are 
scoring considerable success with gas 
analyzers such as oxygen and infrared 
instruments because the European 
units cost about one third of competi- 
tive American equipment. Despite 
this, U.S. firms with facilities in Eu- 
rope, such as Beckman Instruments, 
Perkin-Elmer, and Consolidated Elec- 
trodynamics, hold between 60 and 70 
percent of the analysis instrumenta- 
tion market. 

How long U. S. instrument makers 
will maintain such margins is one of 
the stickiest questions raised by the 
giant European showing at Interkama. 
European firms have started to try to 
wrestle away some part of it. 

—Derek Barlow 
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BRUSH INSTRUMENTS 


in multi-channel 


recording systems 
there Is 


Nn ot h N 2 N eCWe ( It’s no wonder this recorder has been chosen 


for today’s most advanced telemetry and computer systems. Providing the highest precision and 


proven reliability, Brush’s newest oscillograph instantaneously displays eight 40mm channels of 


analog data, plus two event markers. Sharp, easy-to-read traces on rectilinear coordinates. Accurate 
resolution of all signals and positive interpretation of amplitude is assured with 13 electrically 
controlled, precise chart speeds. All functions are operated by pushbutton and may be remotely 
controlled if desired. Unique auto-load system locks unit in any position for greatly simplified 
chart changing . . . without disturbing the styli. Take advantage of industry’s most advanced 


techniques in this space-saving vertical panel oscillograph. Get all the facts. Call, write or wire. 


——brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS CLEVELAND 14, OHIO 
CORPORATION 
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only 
Brush 
fills all 


reco rd e ‘S If it’s precise, instantaneous data acquisition in writing .. . 


Brush versatile recording systems provide the answer. Whether your requirements call for this 


“pull-out”, horizontal model for convenient annotation and reading . . . or the newest in vertical 


panel recorders . . . you’ll find all of the known refinements in the art of recording by direct writing. 
Rectilinear presentation gives clear, uniform, reproducible traces for precise readout. Up to 16 
chart speeds are selected by pushbutton; jam-proof transmission provides quick response. Inter- 
changeable ‘‘plug-in”’ signal conditioners permit four vital functions in addition to amplification — 
high input impedance, zero suppression, attenuation and calibration. Event markers, internal timers, 
remote control and chart take-up are some of the available accessories. Check these advanced record- 


ing systems for yourself and you'll see why no one is as qualified as Brush. Write for complete details. 


—__ brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
i CosroRration 





Dispatcher eyes a load to read its flight 
number before he sends it to conveyor 
lane for that flight. With TV monitor 
he can watch any part of the 6,633 ft of 


Mae 
, a conveyor lines 
Li a ‘y { Sle 


t 
: 








Layout of the new terminal 
that dispatches 7.3 million Ib 
of cargo a month on 850 flighis, 
bound for 86 destinations 











TV and Magnetic Tape 


Speed Air Force Warehousing 


OKLAHOMA CITY, OKLA.— 

At the U. S. Air Force’s new ter- 
minal at Tinker Air Force Base, sup- 
plies arrive from all over the U.S., 
are stored, and then are loaded on 
planes for transportation to Air Force 
bases around the world. Tinker AFB 
is the Air Materiel Command’s big- 
gest depot. To speed the job of get- 
ting supplies out, the Air Force has 
just installed a new materials handling 
system that is constantly watched by 
television and is programmed by mag- 
netic tape. 

Operations centers for the system 
are two identical control consoles, 
both made by Edon Industrial Prod- 
ucts. One collects cargo airiving at 
the warehouse by truck for the proper 
flight; the second dispatches cargo 
for a particular flight based on its 
destination, so that material for the 
first stop is loaded last. Meanwhile 
10 television cameras posted along 
the conveyor line provide eyes 
throughout the warehouse for the two 
control console operators. 

Here is how the system works. 
Freight unloaded from a truck passes a 
worker who attaches a flight number 


Inside the control is the closed loop of magnetic tape that 
serves as a memory for pushoff positions on the conveyor. 
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to the package. A copy of the in- 
voice is dispatched by pneumatic tube 
to the load planner who keeps a tally 
on the amount of weight available for 
the flight and the amount allocated. 

The freight then moves to the first 
console where an operator can assign 
the shipment to one of 29 conveyor 
lanes by pushing a button. 

When the flight shipment is col- 
lected, a light flashes on the board 
advising the operator that no more 
packages should go into the lane. A 
light also appears on the second con- 
sole, advising that operator to begin 
sorting the freight for loading. He 
sorts the load into as many as Six 
groups and sends it out to the tele 
scope conveyors that load the plane. 

The Edon Mem-O-Trol, which 
does the dispatching at both consoles, 
uses a Closed loop of magnetic tape 
as the memory medium for the des- 
tination information. The tape is 
driven through a synchro system by 
the conveyor being controlled. It 
moves at a speed proportional to the 
speed of the conveyor. Therefore 
distance along the tape can be trans 
lated into distance along the conveyor. 

On the tape a recording channel 
is assigned to each possible destina 
tion. The 35-mm tape can hold up 
to 16 channels. In the Tinker AFB 
control which sorts to 29 different 
lanes, two tapes are used. Each 
channel has a recording head, at 
a point equivalent to the position 
of the control console, and a reading 
westronics ine head, whose position depends on the 
destination. 

When the dispatcher pushes a 
button to assign a lane, the poor re- 
cording head impresses a signal on the 
tape. It moves, proportionately to the 
conveyor, until the tape reaches the 
reading head for that channel. The 
second head picks up the signal which 
is amplified to operate a relay that con 
trols the pusher or deflector. A mag 
netic eraser removes all the signals 
from the tape before it moves undet 
the recording head. 

A unique feature of the control is 
a photoelectric centering device that 
measures the length of a package, 
locates the center of it, then positions 
the magnetic spot on the tape based 
on this calculation. As a result the 
system can position a package in the 
exact center of the conveyor lane. 

In addition, if the measuring equip 
ment spots a package that is too big 


t e for the convevor svstem, it will shut 
W © S g ‘e) n. I a S , INC. the line down. 

3605 McCART STREET ye FORT WORTH, TEXAS James Young 
McGraw-Hill News 
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STEPS IN THE RACE TO OUTER SPACE 


Mars 


When man first sets up colonies on Mars, 
his life will depend on a Mars Supply 
Fleet, shuttling from Earth at regular in- 
tervals with supplies, equipment and 
personnel. 


The fleet will be comprised of two basic 
vehicle types, both shown in the illustra- 
tion above. The large ships with rectangu- 
lar solar reflectors will be the long-range 
backbone of the fleet. Assembled in orbit 
of prefabricated sections rocketed up 
from Earth, these high-capacity carriers 
will have a low-thrust electro- particle 
drive. Their operating current will come 
from thermionic converters, heated by 
the concentrated rays of the reflectors. 


The Solar Ships will be loaded and un- 
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loaded, at both ends of the voyage, by 
work-horse Ferry Rockets (foreground) 
launched by booster. The ferries will be 
designed to carry the long yellow cargo 
containers within a bay just forward of 
their engines. In the nose of the Ferry 
Rocket is the passenger and operating 
section with a universally mounted spher- 
ical guidance compartment. This guidance 
unit will be fitted with directional radar, 
an optical telescope, and full astroga- 
tional equipment. 

The Mars Supply Fleet will complete 
each assigned mission in one to two Earth 
years, depending on whether or not the 


Supply Fleet 


Solar Ships are equipped with auxiliary 
boosters for extra initial speed. 


ARMA, now providing all-inertial guid- 
ance systems for later models of the Air 
Force ATLAS ICBM, is in the vanguard of 
the race to outer space. At AAPAZA, pri- 
vately funded research programs in space 
technology are studying super-sensitive 
inertial devices for navigation and satellite 
instrumentation. For this effort, AAA 
seeks scientists and engineers experi- 
enced in astronautics. A#A@A, Garden 
City, New York. A Division of American 
Bosch Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATION 
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g-tetm Stability. . 


MODEL 1310N A-to-D Fonvcetce/voutaaiee 


There’s never any need for exasperating knob twiddling with a 
Franklin Model 1810N. Magic? No, just plain practical design. 
All operating potentials, including the line voltage, are 
regulated before they’re put to work. What’s more, there are no 
stepping switches, relays or other mechanical components to 
introduce noise or delays ... it’s all-electronic for whisper- 
smooth voltage conversion ... and with a stability never 

before equalled. The brief specs tell more. 


request 
data sheet 2006 








RANGES: 000.0 to 120.0 V dec. Input sensitivity: 0.1 V INPUT 100 megohms. 
per digit. Matching amplifiers are available IMPEDANCE: 


with minimum ranges of 1 mv per digit or 100 


uv per digit. READOUT Maximum of 12.2 milliseconds to 120.0 volts 
4 TIME: full scale. 








RANGE AND 
POLARITY 
SWITCHING: 


Optional automatic or manual (with amplifier). 





ee a 


SPEED: Up to 40 readings per second. 








ACCURACY = one count (+ 0.1% of full scale) after 10- POWER: piatteisei dine Ae :i-dicndlieanien 
(ABSOLUTE): minute warmup, 








DIMENSIONS: 19” rack panel unit, 8%" H x 15” D. 
STABILITY: Absolute accuracy is maintained for at least 
one year without calibration. WEIGHT: Approximately 50 pounds. 

















*Prices are F.O.B. BRIDGEPORT, PENNSYLVANIA, 


=) - Ole 3) a @) 
PENN 


ERAN RLIN': 


‘000 


gt Sy aS 


You count : 
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Electronic Teacher 
Conditions the Reflexes 


First machine ever built to exploit the psychological 
principle of conditioned response has a 
promising future: training keyboard operators. 


SILVER SPRINGS, MD. 

The electronic teaching machine il- 
lustrated below represents a radical in- 
novation in equipment: it is the first 
device based on the psychological prin- 
ciple of conditioned response. 

Designed to train keyboard opera- 
tors (for such equipment as key 
punches and typewriters) the machine 
teaches the student through his fingers 
instead of by the conventional meth- 
ods of paired associates (example: in 
touch typing instruction the letter a 
has to be associated in the student's 
mind with the far left key in the sec- 
ond row of the typewriter keyboard). 
The new teaching machine flashes a 
visual stimulus to the student, then 
moves the proper key or keys against 
his fingers. By reflex action the student 
automatically responds: the affected 
finger or fingers push back. 

¢ Providential post office—For many 
years conditioned response as a 
method of training has been a pet 
project of E. F. Shelley, president of 
USI Robodyne, a division of U. S. In- 
dustries. Shelley and Robodyne’s 
Chief Engineer J. Goodell tinkered 
with hardware but they were waiting 
for a solid application to prove their 
concept. The Post Office’s new mod- 
ernization program came along at just 
the right time. 

Faced with the problem of quickly 
and economically training a large num- 
ber of unskilled people to use new 
semiautomatic mai] sorting machines, 
postal officials commissioned Robo- 
dyne to produce a special purpose 
trainer. The result was unveiled last 
month. 

¢ Three parts—Robodyne calls _ its 
new training system Digiflex. It has 
three main parts: a student station, an 
instructor station, and a projector- 
programming unit. 

From the outside the student sta- 
tion looks exactly like the operator’s 
portion of a mail sorter. Its keyboard, 
divided into two groups of five each, 
has 10 keys which duplicate exactly 
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The Digiflex system as it was built (bottom) and in sche 
matic form (above). Black lines indicate path of program 
and control signals. Red lines indicate student's responses. 
In the photo a male instructor adjusts the rate of presenta- 
tion for a female student. 
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THE SPOTLIGHT’S ON 
PERFORMANCE 


with CEC’s newest strain gage 
pressure transducers 


And the accent’s on versatility! As a family, these three cover 
a pressure range from 0 to 10,000 psi in gage, absolute, and 
differential models...always provide top performance, even in 
applications with great extremes of environmental conditions. 
Above, TYPE 4-325 is the smallest— only 8 grams—and extremely valuable 
where size is critical. Differential models cover the range from +5 to 50 
psi, while absolute and vented gage units measure pressures from 10 to 
200 psi. Write for Bulletin CEC 1630-X7. 

Outstanding TYPE 4-326 has the finest inherent performance capabilities 
of any comparable product now manufactured. It’s rugged—usable in a 


1000 g environment—and measures absolute and gage pressures from 0 
to 10,000 psi. Write for Bulletin CEC 4326-X3. 


New TYPE 4-328 has a built-in thermal heat shield, making it ideal for 
airborne applications. Sealed gage and absolute models are available for 
low, medium, and high-pressure measurement. Bulletin CEC 4328-X3. 


Other strain gage pressure transducers in the CEC family are described in 


Bulletin CEC 1308-X24. 
Transducer Division ‘ _. 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


Bell&eHowell - 





WHAT‘S NEW 


the movement of the sorter kevs. 

The instructor station is a desk-like 
unit with a small lighted panel. One 
instructor station can control up to 20 
student stations. Through the lighted 
panel the instructor can set the rate 
of presentations, watch for error lights 
which indicate student mistakes, and 
program the action of the keys in 
four modes. He may have the correct 
kevs push up, the incorrect keys drop 


away, both actions, or neither. 


To program the instruction—in this 
case city names or post office destina 
tions—a 35-mm film carries each 
representation in two forms: conven 
tional alphanumeric and in binary dot 
code. The programmer-projector unit 
flashes the alphanumeric representa 
tion on a screen before the student. 
At the same time a photoelectric cell 
reads the binary code and transmits 
it to a solid state flip-flop memory. 

The memory stores the information 
and transmits the signals associated 
with the proper kevs for the represen 
tation on display. The signal is moved 
via the instructor's console because 
he sets the mode of operation. 

The response of the student’s fin 
gers, pushing back, actuates limit 
switches in the student station send 
ing signals back to the memory where 
they are compared with those from 
the film. If the student has erred, a 
light flashes on the instructor's con 
sole. 

¢ Repetition—As a training program 
starts, a representation, say Philadel 
phia, is fiashed before the student 
At it appears on the screen, the keys 
associated with the code for Philadel 
phia push up, the rest drop away 
Philadelphia is flashed repetitively sev 
eral times and the operator responds. 
But each time the trainee sees the 
name he doesn’t have to think; he 
strikes the keys automatically from 
habit. Thus the trainee learns by ex 
perience rather than by discussion. 

Robodyne has sold seven instructor 
stations and 55 student stations to the 
Post Office Dept. The technique, says 
inventor Shellev, has much wider im 
plications, With some “subtle design 
changes”, he says, Digiflex can key 
punch operators or even typists. 

As yet nobody has any statistics to 
indicate how much faster operators 
can be trained with Digiflex. Robo- 
dyne executives feel it will cut at least 
50 percent from training time. But 
probably one of the biggest advantages 
of the conditioned reflex technique is 
that it prevents the student from 
learning the wrong way and then hav- 
ing to relearn. 
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The assembling of highly-flexible electronic systems and sub- 
systems into a modular package . . . for fast inspection, testing, 
service, and replacement of components .’.. calls for standard- 
ized-type plugs throughout the system. Reliability and optimum 
flexibility in shell designs and types of layouts are the design 
criteria for the more than 18 different basic Cannon Modular 
and Rack/Panel Plug Series. This Series is available in standard, miniature, or subminiature sizes... for 
standard or printed circuitry. Up to 180 contacts and a varied combination of contacts for control, audio, 
thermocouple, co-ax, twin-ax, and pneumatic connections. Single or double-gang. With or without shells. 
The Rack/Panel Series ranges from the tiny “D"' subminiature to the heavy-duty DPD Rack/Panel Plug. For 
further information on Cannon Modular and Rack/Panel Plugs write for Cannon DP Catalog, Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 31. Please refer to Dept. 422, Factories in Los Angeles, Santa Ana, Salem, 
Toronto, London, Paris, Melbourne, Tokyo. Distributors and Representatives in the principal cities of the world. 
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Now 2 to3 
week delivery 
‘on popular 

Ditems... 





and in production 
quantities! 


Mark 7 Mod 0 
Mark 7 Mod 1 
Mark 12 Mod 0 
Mark 12 Mod 1 
Mark 16 Mod 1 
Mark 16 Mod 3 


Size 15 Servo Motor 
Size 15 Servo Motor 
Size 15 Motor Generator 
Size 15 Motor Generator 
Size 18 Motor Generator 
Size 18 Motor Generator 
(For transistor circuits) 
The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 
and Motor Generators as well; sizes 
8 to 18, including other BuOrd items. 


*Now Bureau of Naval Weapons 


Ask also for 

full information; 

G-M Recommended 
Specification No. 665 
and Catalog. 





(i-M Servo Motors 


G-M LABORATORIES INC 
4360 N. Knox Avenue + Chicago 41! 
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Will Production Monitoring 


Spur Textiles? 


Automatic production monitoring 
and control systems caught the 
fancy of visitors to the Annual 
Southern Textile Exposition. They 
may spark a 
textile plants. 


renaissance in 


GREENVILLE, S. C.— 

Notoriously backwards in mechani- 
zation and automatic control, the 
4,000-year-old textile industry may 
be ready to break out in a spate of 
modernization brought about by the 
installation of automatic production 
monitoring and control systems. Visi- 
tors to the 21st Annual Southern Tex- 
tile Exposition saw several new sys- 
tems designed exclusively for the tex- 
tile industry, were buzzing about 
rumors for a “fully-automated”’ spin- 
ning mill to be built by Deering- 
Milliken near Spartanburg, S. C. 

According to unofficial reports, the 
proposed DM mill will unveil some 
experimental equipment the textile 
company has developed itself as well 
as some new sophisticated gear im- 
ported from abroad. Company offi- 
cials admitted that a radical new mill 
was in the plans stage. 

Although the textile industry still 
seems burdened by a low profit mar- 
gin—as little as 2 percent on sales 


L’| 


compared to as high as 10 percent in 
other areas of manufacturing—and 
relatively low cost labor so that savings 
from a tape controlled bank of spin- 
dles, for example, are small compared 
to those from a tape controlled milling 
machine—textile men are cheered by 
advances that are appearing. 

¢ Fiber breaks—Typical of the new 
trend is one new production moni- 
toring system that attaches to a spin- 
ning frame of an ordinary bank of 
spindles to warn of fiber breaks. De- 
veloped by Adams, Inc., the system 
automatically detects breaks in fiber 
roving (as thread is drawn from a 1/30 
in. diam to a 1/240 in. diam), counts 
the breaks, and ‘signals an operator 
when a predetermined number of 
breaks has occurred on a machine. 

Previously, an operator had to check 
periodically each spindle and look for 
breakage. With the new system, says 
an Adams spokesman, an operator can 
run twice as many machines. 

A magnetic transducer spots the 
broken fiber. Here is how it works. A 
small metal clip is mounted on each 
spindle’s “spinning ring”, which 
guides the yarn through the twisting 
operations. As the ring spins, the clips 
also rotate at about 7,000 rpm, dis- 
turbing a low voltage magnetic field. 
When a fiber breaks, the spinning 
ring stops, and because the magnetic 
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Production monitoring system for spinning frame. Red light warns when 


more than predetermined num 


t of fibers are broken. Detecting sys- 


tem is located on bottom spindles—one detection set for each spindle. 
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@ This DP Transmitter is as close as anyone has come to the perfect process 
instrument. It performs every function a differential pressure transmitter 
can perform ... dependably and competently. Every potential of an elegant 
and original design has been realized in the manufactured product. For 
example: adjustable damping in the differential sensing system lets you 


measure pulsating flow without zero shift, phantom signals, diaphragm 


fatigue, or premature part failure. A sealed measuring chamber filled with 


silicone oil is positively isolated from destructive process fluids. And the 
entire instrument is ruggedly constructed to take a beating and remain 
accurate and responsive. This, then, is an instrument you can install and 


forget. It has yet to betray a user’s confidence. 


Every fact you could desire about our DP transmitter 
can be found within the covers of our Catalog 10B1465. 
But nothing can ever take the place of an actual field 
trial. We'll gladly arrange one for you. 


Fischer & Porter Company, 
820 County Line Road, Warminster, Pa. 


- => 
FISCHER & PORTER COMPANY 


COMPLETE PROCESS INSTRUMENTATION 
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The new W&T Massometer® senses flow in closed systems. It 
measures dry, free-flowing materials and translates the results into 
a 3-15 psi signal. The unit can be used to indicate or record. It 
also controls proportional blending . . . helps solve problems in 
all kinds of control situations. 


And the Massometer does all this without breaks in your closed 
system. Air-tight construction means a flow-sensing unit that seals 
dust in . . . seals contamination out. It is compact and easily 
installed, fits neatly into the line. Stainless steel for parts exposed 
to the flow stream and dust-tight motor casing assure years of 
maintenance-free service. 


The Massometer is calibrated with any maximum output between 
40 and 200 lbs. per minute. Maximum volumetric capacity is 6 
cubic feet per minute. Repeatability within +0.2% of full scale 
assures stable performance. 


By generating a signal proportional to flow, the W&T Massometer 
brings a new look to ratio control. Its versatility means more 


accurate batch processing, or helps create continuous processing 
in new or existing systems. 


For information, write Dept. M-50.28. 


WALLACE & TIERNAN INCORPORATED 





25S MAIN STREET, BELLEVILLE 9.NEW JERSEY 
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Sonic depth gage is mounted on this column- 
forming machine. It booms a sound signal 
across the column; and if the density is too 
high, the sound wave is blocked 


field is no longer disturbed, a low 
voltage signal 1S interrupted. 

In the control box one circuit from 
each spindle is scanned several times 
a minute. When a_ predetermined 
number of circuits have been inter- 
rupted—by broken fibers halting the 
spinning rings—a red warning signal 
lights to alert the operator. 

¢More warning systems—Another 
safety control, also built by Adams and 
relying on the magnetic field interrup- 
tion technique, prevents large diame- 
ter roving from piling up after a break. 
When the roving of such heavier 
thread breaks, a pileup can ruin a 
whole bank of spindles. So this system 
reacts to a fiber break by crimping thc 
roving so that the upper spindle stops. 

¢ Ultrasonic instrumentation A 
sonic detector to control the level and 
density of loose woolen material was 
also introduced. lormmerly the mate- 
rial was weighed in a pan in a me- 
chanical scale. With the new system, 
built by Fiber Controls Corp., sound 
is beamed across the 60-in. width of 
woolen stock as it is fed into the top 
of a column-former. Too dense ma- 
terial blocks the sonic beam, stopping 
feeding. 

¢ Programmers enter—A device fa- 
miliar to process control engineers 
showed up at the textile show for the 
first time. It was the Card-O-Timer 
punched card program controller built 
by Taylor Instrument Cos. (The sys- 
tem’s present design was introduced 
at the 1959 ISA show). The con- 
troller can program 20 functions of 
20 steps each over 80 time periods. 

With Card-O-Timer, Excelsior 
Mills is programming “‘dolly-washing”, 
a wet process in which impurities are 
washed out. And it is also running a 
woolens-finishing operation. 

—B. E. Barnes 
McGraw-Hill News 
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4-Watt Axial Lead 


1-Watt Axial Lead 


3.5-Watt Stud Mount 


New 10-Watt Zeners 
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High-quality, low-cost 


Barber-Colman reversible 


servo motors, blower motors, 


a-c tachometer generators 


for electronic applications 


Reversible Geared Motor 


TYPICAL. CONTROL CIRCUIT 


BARBER 
COLMAN 


LOW COST 

HIGH STARTING TORQUE 

QUIET RUNNING 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


Tach Generator 


Blower Motor ; 


a-c small motors 


Precision-made to give long, trouble-free 
service in a wide range of electronic 
control and cooling applications: 
Reversible Servo Motors — Compact, 
powerful for servo-mechanisms, remote 
switching and positioning units, record- 
ing instruments, voltage regulators. 
Adaptable to a variety of control circuits 
for power requirements up to 1/25 hp. 
Blower Motors —For driving blowers 
and fans. High starting torque, ratings 
up to 1/20 hp, low noise level. 

Tach Generators — Typical generated 
voltage is two volts per 1000 rpm and 
can be increased to 10 volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 
- + » Open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 
Dept. L, 1248 Rock Street, Rockford, Illinois 
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WHAT'S NEW 


Union Explodes 
over Automatic Train 


ROCHESTER, N. Y.— 

“An automatic railroad is like a toy 
train. It is efficient if you get the 
proper teenager to run it... . It’s a 
Coney Island Gadget.” 

That was just part of the vitupera- 
tive outburst attributed to Michael J. 
Quill, demagogic head of the Trans- 
port Workers Union, when he learned 
that the New York City Transit Au- 
thority has tried out an automatic sub- 
way train system. Quill threatened a 
strike if the Authority goes through 
with a plan to put the train on the 
famous Times Square-Grand Central 
shuttle run. 

The automatic electronic train con- 
trol system that evoked Quill’s wrath 
was built by General Railway Signal 
Co. In addition to the New York 
test, the system has also been success- 
fully tested on a Canadian railway, 
which automated a regular freight lo- 
comotive to haul a full load of cars 
automatically. And at a mining opera- 
tion in Labrador, the same system is in 
regular service hauling mined ore to 
a processing plant, a distance of about 
a mile. Boston’s Metropolitan Transit 
Authority is also examining the sys- 
tem. 

GRS’s system needs no train crew. 
In the New York test, for example, 
the system ran all movements of the 
train automatically, opening and clos- 
ing doors, changing destination signs, 
and switching on headlights as a train 
moved over a Brooklyn branch of the 
subway (from the New Utrecht stop 
to the 18th Ave. station). 

¢ Inductive control—Control signals 
were initiated by a programmer and 
automatic dispatcher, located in a 
trackside instrument box. Commands 
in the form of coded pulses were ap- 
plied inductively to the rails of the 
track and to wire loops between the 
rails (in other installations, the com- 
mands have been transmitted as car- 
rier pulses over wire pairs). Receivers 
on the train picked up the signals in- 
ductively so that there was no physical 
contact between the train and wayside 
control equipment. (New York sub- 
ways are powered by a third rail so 
there is physical contact for power. ) 

As a safety feature, the trains were 
interlocked with safety devices to pro 
tect against collision with other trains, 
incorrectly thrown track switches, or 
broken rails. Even the door controls 
were interlocked to prevent starting 
the train until the doors were com- 
pletely closed. 
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As a further indication of the sys- 
tem’s capabilities, in the Canadian 
Railway test, tuned wayside coils made 
the diesel locomotive recognize grades, 
curves, and “slow order” work areas 
so that speed could be regulated to 
match the roadbed conditions. 

—Desmond Stone 
McGraw-Hill News 


Start Speed Mail Test 


WASHINGTON 

Post Office Department has started 
tests of facsimile mail—almost instant 
transmission of letter mail. In the 
test, government correspondence is 
being flashed between Washington, 
D. C., Battle Creek, Mich., and Chi- 
cago, Ill. 

Prime contractor for the experimen- 
tal system is International Telephone 
and Telegraph Co. Major subcontrac- 
tors: Stromberg Carlson for the elec- 
tronic facsimile equipment, and Pit- 
ney-Bowes for physical handling 
equipment that automatically opens 
letters and seals the facsimile message. 

The feature that makes this system 
unique from other facsimile arrange- 
ments is the unusual Stromberg Carl- 
son scanner. Previously facsimile sys- 
tems have been analog; this one is 
digital. 

Scanning makes use of video extrac- 
tion techniques. Light output of a 
cathode ray tube is reflected along a 
scanning mirror to a second semi- 
transparent mirror. Sixty percent of 
the light proceeds to scan the message, 
forty percent bounces against a refer- 
ence target. 

\ photomultiplier tube picks up 
the message signal and produces a 
pulse—a ves/no pulse corresponding to 
black or white—which is microwaved 
or carried by coaxial cable to a printer. 
\ second photocell picks up the sig- 
nal from the reference target and car- 
ries it back to the grid of the cathode 
tube to correct the intensity of light 
for each scan. 

The most stringent requirement of 
the system is that the light level be 
uniform. If the closed-loop feedback 
system cannot correct the light inten- 
sity to obtain uniform scan, it shuts 
the equipment off. 

\ square wave is the output of the 
message signal. To produce this, S-C 
resets clipping level for each pulse 
instead of clipping the signal on an ar- 
bitrary level. Each pulse is captured 
in a delay line and then a sample of 
the pulse is analyzed and the gain 
automatically set before pulse arrives 
at the amplifier where it is clipped. 
This operation cuts out most of the 
noise; additional clipping converts the 


'Barber-Colman 1-1/4’ dia. 
FYLM permanent magnet 


motors feature very low ripple, 


constant brush pressure 


over entire motor life... 





FYLM 20000 





THE MARK OF QUALITY 


da 
COLMAN 


VOLTAGES FROME V d-c 
TO 115 V d-c 


WITHSTAND AIRCRAFT AND 
MISSILE AMBIENTS 


CONSTANT BRUSH PRESSURE 
LARGE RUGGED BEARINGS 


14-BAR COMMUTATOR AND 
14-COIL ARMATURE 


STABILIZED MAGNETS 


FYLM with radio noise filter 


FYLM with planetary gearhead 


d-c small motors 


Type FYLM d-c motors are available 
in three standard frame lengths . 
with standard or special mountings for 
interchangeability with other motors. 
Radio noise filters, gearheads, governors, 
blowers, other special features also avail- 
able. Normal ambient temperature range 

65° to 200°F (can be designed for 
—100°F or 400°F). Rated output, 10 
mhp continuous to 35 mhp intermittent 
Rated torque, .05 lb-in. to.16 lb-in. Shaft 
diameter 3/16”. Motor diameter, 1.25” 

. length 1.77” to 2.40”. Weight, .26 
lb to .43 lb. Used as a tachometer gen- 
erator, FYLM design produces up to 12 
volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman electrical 
components Includes detailed specifications on 
a-c and d-c motors, 
heads, relays. 


tach generators, blowers, gear 


| BARBER-COLMAN COMPANY 


Dept. L, 1848 Rock Street, Rockford, Illinois 


signal into a square wave of variable 
width 
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Judging by 
the Company 
We Keep... 


... The Company We Keep have 
many names, one standard: all 
are perfectionists. For Custom 
Control Centers, they frequently 
call on us . . . we’re perfection- 
ists too! Won’t you join “The 
Company We Keep?” Contact us 
for all your Control Centers. 


The Electro-Mech panel shown 
above controls a large water con- 
ditioning system. It has over 
3000 relay contacts and 13,000 
feet of wire. Electro-Mech excel- 
lence of design and meticulous 
craftsmanship, which makes pos- 
sible the flawless operation of 
systems such as this, are hall- 
marks of perfectionists. 

Allow us to submit a proposal on 
your contro] system needs. 


Electro-Mech Corp., Norwood, N. J. 
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AROUND THE BUSINESS LOOP 


Telechrome Builds New Image 
Around Data Communication 


Starting in the television industry, this company now aims its 
major interest at data communications and handling 


equipment that ranges from a special purpose control computer 
to errorless data transmismission gear. 


AMITYVILLE, N. ¥.— 

Within the next 60 days a small 
but growing Long Island company 
will introduce a radical new device 
for data transmission: two small 
black boxes that will guarantee that 
the transmission path will not in- 
troduce errors into a data system no 
matter how long the path or how 
fast the rate of transmission. Almost 
certain to cause a stir in the field of 
information systems, where data com- 
munication is a mushrooming inter- 
est, the equipment is symbolic of the 
new direction that its builder, Tele- 
chrome Manufacturing Corp., has 
taken. In the past three years Tele- 
chrome has switched its concentra- 
tion from TV _ broadcasting instru- 
ments to control gear. 

When Telechrome was founded in 
1950 by its current president, J. R. 
Popkin-Clurman, the television in- 
dustry was expecting a boom in color 
TV comparable to the explosive re 
ception that greeted black and white 
TV. The company designed and 
marketed a line of high quality test 
instruments and broadcast equipment 
for color transmitters and grew as 
color TV expanded. But the boom 
never developed. In fact by 1957, the 
color bubble had burst and Tele- 
chrome found itself in a static market. 

¢Blueprint for growth—Studying 
what to do next in an agonizing re- 
appraisal, Telechrome executives rec- 
ognized that a TV picture had a lot 
in common with the growing field 
of data handling. If a TV picture is 
data, they reasoned, wouldn’t many 
of the pulse and signal techniques 
which Telechrome had developed for 
the broadcasting industry be appli- 
cable to data reduction? Convinced 
that the company’s know-how could 
be applied in other industrial areas, 
the executives drew up a new master 
plan for Telechrome. 

They charted three big areas for 
the company’s future growth: 1) com- 
munication of information, 2) instru- 
mentation for automated process con- 
trol, and 3) control equipment. And 
they made one other big decision: 


the company would start its new 
activity with the steel industry as an 
initial customer target. 

As planned by ‘Telechrome the 
program would need some outside 
technical help and would cost a lot 
of money, more cash than the com- 
pany could lay its hands on. Unable 
to finance the buildup of its own 
capabilities in these three new areas, 
Telechrome started to acquire the 
needed know-how by buying com- 
panies in exchange for Telechrome 
stock. 

First it acquired Encapson Products 
whose specialty was data handling on 
wire links. Later the company bought 
the Hammerlund Mfg. Co. which 
built communications equipment, cen- 
tralized operational controls for utility 
applications, and a line of precision 
variable air capacitors. And just re- 
cently Telechrome acquired an option 
to buy Universal Transistor which 
makes power supplies and nuclear ra 
diation instruments. 

To meet the challenge of expansion 
into three new fields, ‘Telechrome 
organized itself into four major 
divisions: 

© Electronics Div.—To build video 
broadcast and test equipment, to de 
velop radio telemetry gear, and to de- 
sign special devices such as a low cost 
video magnetic tape recorder. 

> Hammerlund Manufacturing Div. 
—To build electronic components such 
as relays, switches, and special connec- 
tors; to design and make communica- 
tion equipment for the industrial, 
military, and marine market. 

> Hammerlund Automation Div.— 
To build control equipment; to design 
and install centralized operating con- 
trol, its supervisory control system; 
and to perform system design for any 
of the company’s divisions, sometimes 
coordinating contributions from more 
than one of the company’s groups. 

> Universal Transistor—To build 
power supplies and to design and 
manufacture nuclear radiation detec- 
tion instrumentation. 

¢ System byproducts—In the de 
velopment of the company’s first large 
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YOUR ONE-STOP SOURCE . . . 
FOR COMPUTER COMPONENTS! 


From economy devices to industry’s fastest offers you such a wide line of specifically de- 
switchers ... all of the high-performance com-_ signed computer components plus the ability to 
puter components you need are immediately supply high-performance devices in mass pro- 
available from Texas Instruments! Only TI duction quantities... when you need them. 


TEXAS INSTRUMENTS DEVICES SPECIFICALLY DESIGNED FOR COMPUTER APPLICATIONS 
PERIPHERAL EQUIPMENT | Logic. = MEMORY | POWER SUPPLY 


2N1038 Series 2N797 Very High Speed 2N1046 Series Driver 2N1038 Series 
2N1046 Series b river 2N705 2N1042 Series } Medium 
2N1302 Series Logic and Medium 2N710 High Speed 2N250 Series 
Power Driver 2N711 a 2N456 Series > High 
2N250 Series Electromechanical 2N1385 2N 1038 Series 
2N511 Series Driver N100 2N1046 Series Power 
N101 b medium Speed 
2N1302 Series 


2N332 Series TI 450 | High-Speed 2N696 Series 2N337 Series —A A—Amplifier 
2N497 Series Ti 451 ¢ Transistors 2N1252 Series Lr 2N342B Series—D P—Power 
2N734 Series 2N706A Series 2N1508 Series 2N389 Series —P D—Driver or 
2N738 Series Logic and Medium | 2N753 Series bi Speed 2N497 Series —D Medium Power 
2N1564 Series | Power Driver 2N1252 Series 2N726 —A 
2N1572 Series 2N726 PNP High Speed 2N734 Series —A 
2N1586 Series 2N738 Series —A 
2N389 Series 2N696 Series Med 5 2N1047 Series —P 
2N1714 Series | Electromechanical | 2N702 Series { Medium Speed 2N1564 Series —A 
2N1717 Series { Driver J-460 Series 2N1572 Series —A 
2N1722 Series 2N337 Series + Low Speed 2N1714 Series —P 

2N1718 Series —P 

2N1722 —P 


SOLID CIRCUIT* ype 502 bistable multivibrator ype 502 Set-reset Flip-Flop 
and custom designs for logic 
Networks circuits 


1N21/5 (Photo) Low Cost 


0 
LS-222 (Photovoltaic) | Readout 1N650 1N1816 Series Power Regulators 
SILICON DIODES | s.223 (Photovoltaic) { Devices 1N651 Gallium Arsenide Gallium Arsenide 
1N652 Tunnel Diodes Tunnel Diodes 
1N653 
1N914 Series High Speed 1N914 Series High Speed 


1-010 
; TI-025 > Controlled Rectifiers 1N538 Series General Purpose 
SILICON T1-050 1N1124 Series { Rectifiers 
RECTIFIERS 1N1614 Series 


2N1595 to 2N1604 


CAPACITORS far Theap’ Solid tantalum electrolytic capacitors—type SCM—203 standard ratings — 6v to 35v — 1 uf to 330 uf 
CG % Hard Glass Hermetic—Precision Film—Standard Resistance Values from 24.9 ohms to 18.2 K 
CG % Hard Glass Hermetic—Precision Film—Standard Resistance Values from 24.9 ohms to 82.5 K 
Y watt to 2 watt—MIL-Line—Precision Film—Standard Resistance Values from 10 ohths to 50 meg 2 
¥ watt to 2 watt—Molded—Precision Film—Standard Resistance Values from 10 ohms to 45 meg Q 


Controlled 
» Rectifiers 
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NOW! 
A SINGLE, PRECISE STANDARD 
FOR. INSTRUMENT CALIBRATION! 


$495 


The Tensor Reference Source 
is an extremely accurate, 
portable AC-DC voltage 
source. Output voltage (AC 
or DC) is provided in 4 
ranges — 0 to .1, 1, 10 and 100 volts. AC frequency is line fre- 
quency and provision is made to accommodate other frequencies. 
The instrument can be used as a very accurate voltage source 
for meter calibration. It can also be used as a general source 
of AC or DC voltage with 10 watts of output power available. 
Another feature of the Tensor Reference Source is its use as a 
highly accurate AC-DC voltmeter in the 0-100 volt range. 


APPLICATIONS: 


e Calibration of most AC-DC voltmeters! 
e Source of accurate AC-DC power (up to 10 watts)! 
e Extremely accurate AC-DC voltmeter! 


e General source of AC or DC voltage! 





SPECIFICATIONS: 


OUTPUT: 0 to 100 volts (AC or DC) in 4 ranges 


ACCURACY: + .25% of set voltage above .01 volt 
+ .20% of set voltage (+ 5 micro-volts) 
below .01 volt 

PROVISIONS: For use of different frequencies OR for operation of 
the instrument as a very accurate AC-DC voltmeter 

STABILITY: After 15 minute warm-up, the output voltage will 
remain within specifications for at least a 5 minute 
period without readjusting the Reference Voltage 
Control. This time is more than adequate for meter 
calibration purposes. 

LOAD REQUIREMENTS: High power output — up to 100 ma load current 
Low power output — 2.5 meg. minimum load 








C@MSOPH® ELectRIC DEVELOPMENT COMPANY, INC. 
1873 Eastern Parkway, Brooklyn 33, N.Y..* HYacinth 5-9200 
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WHAT’S NEW. 





scale industrial control system—the 
length-measuring, weighing, and sten- 
ciling system for a steel tubing plant 
—Telechrome followed an interesting 
approach that has put it into the con- 
trol components business. Recogniz- 
ing that the total world market for 
such a system added up to only 100- 
175 installations, the company de- 
signed all the equipment in a modu- 
larized manner so that different blocks 
could be plugged together for different 
applications. 

For example, one of the building 
blocks is a solid state, special purpose 
digital computer. In the steel mill 
application it received measurements 
of length and weight, continually 
computed weight per foot, compared 
the result to present high and low 
limits, and shut down the process if 
the tubing exceeded either limit. Now 
l'elechrome has proposed a modifica- 
tion of the design to the Federal Avia- 
tion Agency and the U.S. Navy as a 
special purpose navigation computer 
for aircraft. 

Another component that modular- 
ization turned into a separate product 
is the analog to digital converter for 
that initial steel system. Telechrome 
has packaged the electromechanical 
device and is marketing it as Mem-o- 
tizer, a digitizer with a memory. 

¢ Steady growth—Since 1956 Tele- 
chrome sales have grown from $504,- 
513 to $8 million estimated for next 
year. Employment has jumped from 
75 people in 1956 to 619 in 1960. 

‘Telechrome is counting on its soon 
to-be-announced errorless transmission 
equipment for some of its biggest 
future growth. Executive vice-presi- 
dent S. Dubin says the company has 
already sold two installations, one mili- 
tary and one civilian. Its market, he 
adds: wherever sure accuracy of data 
transmission is a necessity. 

The Telechrome errorless  trans- 
mission equipment can be used with 
any of the commercially availabie data 
transmission systems (such at IBM’s 
Teleprocessing, Collins Kineplex, etc.). 
It costs about $5,000 per black box 
(two are required) and would replace 
the parity or validity checking equip- 
ment used by some data systems. The 
first system for a military customer 
will be shipped this month. 


GE Maintains Computer Pace; 
Adds Peripheral Equipment 
Following up its recent announce- 
ment to set up a nationwide chain of 
data processing centers (CtE, Nov. 


60, p. 199), General Electric Co.'s 
(Continued on page 172) 
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DIVISION OF AMERICAN MACHINE &£ FOUNDRY COMPANY . 
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«, THIS IS A BETTER LATCHING RELAY 


Better? Yes, in several ways. Bifurcated Contacts, for ex- 
ample, give improved reliability, especially in dry circuits. 
Contacts will not open during vibrations of 30Gs, 55 to 
2500 cps. A special method of sealing cover to base 
eliminates flux contamination of the contacts. And there 
are more. Here is Potter « Brumfield’s newest member of a 
distinguished family of micro-miniature relays: the FL Series. 


Expressly designed for printed circuit applications, this 
DPDT, 3 amperes (@ 30V DC) latching relay lies parallel to 
the mounting surface. Its height, when mounted, is only 
.485”, thus circuit boards may be stacked closer. Mounting 
can usually be accomplished without studs or brackets, 
simplifying installation. 
The FL will remain firmly latched in either armature position 
without applied power, a significant advantage where power 
is limited and long relay ‘‘on" times are required. This relay 
may be operated by: 
1. Pulsing each coil alternately (observing coil polarity), or 
2. Connecting the coils in series and operating from a 
reversing (polarized) source. 
Write for complete information or call your nearest PsB 
representative. 


FL SERIES SPECIFICATIONS 
Shock: 100 Gs for 11 milliseconds. No contact 
openings 
Vibration: .195”", no contact openings. 10 to 
55 cps. 30 Gs from 55 to 2500 eps. 


Pull-in: 150 milliwatts maximum (stendard) at 
25° C. 80 milliwotts moximum (special) 
at 25°C 

Operate Time: 3 milliseconds maximum at 
hominal voltage at 25° C. 

Transfer Time: 0.5 millisecond maximum oat 
nominal voltage at 25° C. 

Temperature Range: —65° C to + 125° C. 

Terminals: Plug-in pins. 

Dimensions: L. 1.100” Mox.—W. .925” Max 
H. .485” Mox. Hermetically sealed only. 


ey 


wn 


8) 


SL 11 O68 
(Latching) 


f 
Bee 3 deg 


SLG 11 DA 
(Latching) 


Fy, 


sc 11D scG 11 DC 


Other P&B micro-miniature relays include conventional and latching models in crystal cases with a wide 
range of terminals and mountings. All are made in a near-surgically clean production area under the 
exacting requirements of our Intensified Control and Reliability program. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


.€ SO VURCE FOR ALL Micro MINIATURE RELAYS 


@ POTTER & BRUMFIELD 


PRINCETON, INDIANA 


IN CANADA: POTTER&A BRUMFIELD CANADA LTDO., GUBLPH, ONTARIO 
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Another major addition to the RCA Ferrite-Line 


NEW RCA MEMORY CORE 
Switches in O7 usec 


RCA Ferrite line now offers a choice of memory cores 


with faster switching times or reduced power requirements 


RCA’s new memory core 227M1 (XF-4138) with 0.7 usec 
switching time, now opens up a wide choice of design pos- 
sibilities for military and commercial computers. With the 
announcement of this new core, RCA now offers: 

227M1 (XF-4138) for fast switching 

226M1 (XF-4028) for reduced power requirements with 

increased operating margins 

224M1 (XF-3018H) for standard coincident-current 

memory applications 


See chart for comparative operating characteristics. These 


NOMINAL OPERATING CHARACTERISTICS AT 25°C 


Partial- 
Write 


Lower 
Drive 

| Present 
Standard 


Faster 
Switching 


ox-sz8) | .050""x .030""x .015” 
or-soiem | 050""x .030"x .015” 


oFa138) | 050x030" .015” 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION 





cores are part of RCA’s comprehensive line of ferrite cores, 
transfluxors, and other magnetic memory and switching 
devices. 


Systems Engineering Service 


Your local RCA Field Representative is prepared to furnish 
a completely coordinated service, including transistor, fer- 
rite, and memory-systems application assistance. Call him 
today. For technical literature on RCA Ferrite cores and 
memory devices, write RCA Commercial Engineering, Sec- 
tion F-19-NN-3, Somerville, N. J. 


RCA SEMICONDUCTOR & 
MATERIALS DIVISION 
FIELD OFFICES 


EAST: 744 Brood Street, Nework, N. J. 
HUmboldt 5-3900 

NORTHEAST: 64 ‘'A"* Street 

Needham Heights 94, Mass 

Hillcrest 4-7200 

EAST CENTRAL: 714 New Center Bidg. 
Detroit 2, Mich., TRinity 5-5600 
CENTRAL: Suite 1154 

Merchandise Mart Plaza 

Chicago, III., WHitehal!l 4-2900 

P.O. Box 8406, St. Louis Park Branch 
Minneapolis, Minn., FEderal 9-1249 
WEST: 6355 E. Washington Bivd 

Los Angeles, Calif., RAymond 3-836! 
1838 Ei Camino Real, Burlingame, Calif. 
OXford 7-1620 

SOUTHWEST: 7905 Empire Freeway 
Dallas 7, Texas, Fleetwood 7-8167 
GOVERNMENT: 224 N. Wilkinson St 
Dayton, Ohio, BAldwin 6-2366 

1725 ‘'K"" Street, N.W., Washington, D.C 
FEderal 7-8500 


2 gr 


SOMERVILLE, N. J. 
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ALLIS-CHALMERS > 





BUTTERFLY VALVES —For liquids or gases — uniform BALL VALVES — Easy manual shutoff under adverse condi- 
control in all positions, fast positive regulation and closure, min- tions, and up to 150 psi. Slight wedging action gives unusually 
imum pressure drop. Compact and lightweight. Sizes from 1 in. drop-tight closure. Sizes: 12 to 48 in 








WAFER VALVES — A new design of butterfly valves with ROTOVALVE—A cone valve suited to virtually any type 
space-saving flexibility, suited to most any type of operation. of operation or location. Offers the least pressure loss, greatest 
Sizes from 3 to 36 in., including high-pressure types. initial shutoff, controlled closing time, positive seating 








Now: for power plants, sewage and water works — 


a full line of rotary valves 


Serving you even better through a broader line— Allis- 
Chalmers offers the finest in butterfly, ball and cone 
valves for industrial applications, power plants, sewage 
and water works. Also available are complete valving 
systems in standardized ‘packages’ that provide re- 
mote, telemetered control of valve operation. These addi- 
tions further round out Allis-Chalmers line that includes 
Angle, Needle, Relief valves, sleeve-type valves and 
accumulator systems. For details, contact your Allis- 
Chalmers valve representative or write Allis-Chalmers, 
Milwaukee 1, Wisconsin. Rotovalve is an Allis-Chalmers trademark. 
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i MODEL 28 AUTOMATIC SEND-RECEIVE SET—facilities for 
sending and receiving messages plus tape preparation and 
reading, receiving in tape, integrating tape and manual keyboard- 
ing. Incorporates major components of Model 28 line in single, 
compact console—a “complete station.” 


Ey move 28 SEND-RECEIVE PAGE PRINTER—for sending mes- 
sages by direct keyboard, receiving incoming traffic, providing 
print-out facilities. Sprocket feed, horizontal tabulator and form 
positioning arrangements available. Both this unit and the auto- 
matic send-receive set are equipped with the “Stunt Box,” a 
built-in control and switching device. 


3 | MODEL 28 TAPE READER—advanced reader-distributor de- 
sign permits (1) reading of punched tape for serial transmission; 
(2) reading of punched tape for simultaneous output on parallel- 
wire basis; (3) translating of electrical impulses from an external 
parallel-wire source for serial transmission. Available for 5 or 6- 
level code. 


Ly move. 28 TAPE PUNCH—receives incoming electrical signals, 
punches a 5-level tape and prints-out data on the tape. Used for 
message relaying, combining data from several sources on a 
single tape, or providing punched tape as a by-product of send- 
receive operations for input to business machines. 
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Teletype Model “28 Line... 


standard units that offer flexibility, economy and 
reliability for message and data communications systems 


The Teletype Model 28 line offers facili- 
ties to meet a wide variety of requirements 
in message and data communications equip- 
ment. It is an integrated line, designed on 
the modular principle, permitting flexibility 
in selection and interchange of components. 


Speed is 10 characters per second for page 
units and typing tape punches—up to 20 
characters per second for tape readers and 
non-typing tape punches. Page printers and 
tape punches can be adapted for parallel- 
wire input. 

Exclusive with Teletype Model 28 page 
printers and automatic send-receive sets is 
the versatile “Stunt Box,” a built-in me- 
chanical memory device that is automati- 
cally activated by keyboard or line signals. 
The Stunt Box is used for internal control of 
“extra” features in the printer and external 
control of operations that can be activated 
electrically. It provides a simple, economical 
approach to station selection and many re- 
mote control problems. 


DECEMBER 1960 


The Teletype Model 28 line is specifically 
designed for continuous operation and very 
low maintenance. All-steel clutches and sim- 
ple harmonic-design elements insure relia- 
bility and greatly reduce servicing needs. 
For example, the lubrication interval when 
operating.at 10 characters per second is 6 
months or 1,500 hours’ operation, which- 
ever occurs first. 


Teletype Corporation manufactures this 
equipment for the Bell System and others 
who require the utmost reliability from their 
data communications facilities. Can be used 
with Data-Phone and other communica- 
tions services. 


More Information. Write for descriptive litera- 
ture folder on Teletype Model 28 line to 
Dept. 26M, 5555 Touhy Avenue, Skokie, 
Illinois. 


TELETYPE 


“ORPO!I 


suesioiary or Western Electric Company inc 
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Fill Out 
The Tag... 


You can choose your own perform- 
ance features when you order a Fenwal 
536 Temperature Controller. And get 
them in a compact, low-cost, transistor- 
ized stock instrument! 

Basic member of Fenwal’s new ‘‘500” 
family, the ‘536’ always provides pre- 
cise control action. You merely select 
from the following features to meet 
your specific needs: 1. Proportioning 
or On-Off Control. 2. Five standard 
temperature ranges from —50 to 
+600°F (Special ranges, expanded 
scales, and centigrade scales available). 
3. Dial for set-point adjustment ex- 
ternally or internally mounted. 4. Sep- 
arate potentiometer with graduated 
dial and knob for remote adjustment. 
5. Cartridge, hex head, flange or cou- 
pling head probe for thermistor sensor. 
All configurations have a rating of 
10A-115VAC or 5A-230VAC. You buy 
exactly what you need! 

Of course, for the user who needs 
most of these features, it may make 
more sense to order a Fenwal 561 Indi- 
cating Controller... with indication 
as a plus. And for multi-point indica- 
tion, as many as ten 536’s can be 
plugged in to a 580 indicator. Get cata- 
log on the complete “500” Line. Write 

Another FENWAL INCORPORATED, 2911 Pleasant 
example of how Street, Ashland, Massachusetts. 


CONTROLS TEMPERATURE... PRECISELY 
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~ Tung-Sol - 
— Silicon Powe 
Rectifiers = 


Diffused Junction and Alloy Junction 








New freedom for designers" 


Designers who seek more freedom to use economical 
components while obtaining maximum equipment re- 
liability should become thoroughly familiar with the 
Tung-Sol line of silicon rectifiers. 

All Tung-Sol rectifiers are designed and manufactured 
to the same unexcelled standards of quality. At the 
very minimum, the entire line meets the toughest 
requirements laid down by military specifications. And 
you can be sure that wherever more rigid commercial 
specifications exist, Tung-Sol rectifiers will equal or 
exceed these higher performance and reliability de- 
mands. All in all, Tung-Sol rectifiers afford the widest 
design flexibility. 

This select Tung-Sol line is available in production 
quantities immediately from stock and at conservative 
prices. Tung-Sol Electric Inc., Newark 4, N.J. 


New 
interchangeability chart 
available 
Write for Tung-Sol silicon : 
power rectifier interchange- 
ability chart and catalog to- | 
day. Forty-four Tung-Sol 


types replace more than 300 
competitive types. 


‘s) TUNG-SOL a m 


Technical assistance is available through the following sales offices: 
Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, 
Colo.; Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; 250-750 mA 1 A MIN 
Philadelphia, Pa.; Seattle, Wash. CANADA: Toronto, Ont 


! I a 
sneannen @ A *t 


80 A MIN 











12 A MIN 
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Complete saturable reactor 

temperature control by Model 407 

Capacitrols of wire enameling 

ovens saves time, bother and heat 
a 

energy. The appearance of the 

coatings is improved and abrasion 


tests show consistently higher 





coating resistance. 





Toh 
BARBER ’ ae 
COLM 7 | 

viv t - tes 











Industrial Instruments « Automatic Controls « Air Distribution Products e Aircraft Controls e Electrical Components « 
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Even the eye is part of a control system! 


Process Control Systems 


Wheelco sensing devices serve their control center just as the 
eye does. Light, heat, pressure, flow and other process variables WHEELCO 


are detected, measured, converted to self-regulating systems, INDUSTRIAL 
INSTRUMENTS 
DIVISION 


: Dept. L, 1548 Rock Street 
Barber-Colman can design a more profitable control system Rockford, Illinois, U.S.A. 


-ecc P ; . . ; ™ Barber-Coiman of Canada, Ltd. 
for your process. In the planning stage, call in a Barber ick < Seneate aa REA tenet 


Colman ,Wheelco Field Engineer to learn about the newest in _ Export Agent: Ad. Auriema, inc., N.Y. 


and held within close limits by fine Wheelco instruments. 


Backed by twenty-five years of process control application, 


instrumentation. His number is in the Yellow Pages. 


BARBER-COLMAN COMPANY 


Small Motors « Overdoors and Operators « Molded Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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Take your voltage supply where you need it 
with Sola’s portable sources of regulated voltage 


Portable filament transtormer 
insures stable test conditions 


This static-magnetic voltage regulator, with capacity of 30va, 
provides a stabilized output of 6.3 volts, automatically and 
continuously regulated within +1% despite line voltage swings 
between 95 and 130 volts. 

Since no variants are introduced by line voltage dips or 
surges, your experimental and test equipment is given a con- 
sistent reference datum against which it can yield reliable data 
on other variables. 

The unit provides a high degree of isolation between input 
and output. Simple, rugged design eliminates moving parts, 
replaceable parts, manual adjustments, routine inspection 
and maintenance. 

Handy in the laboratory or at the shop bench, it plugs into 
any a-c wall or bench outlet, and provides an on-off switch 


and output jacks. : ; 
Write for Bulletin CVF 


Portabie Solavolt power supplies 
give regulated a-c and d-c voltage 
for laboratory and test work. 


A-C and D-C Solavolts regulate output within +1% for line 
voltage variations as great as +15%, with a response time of 
1.5 cycles or less. 

Output of the a-c model is fully adjustahle from 0 to 130 
volts, with less than 3% total rms harmonic content. This makes 
it ideal for instrument calibration, testing, or any operation 
involving elements sensitive to wave shape. 

The d-c model consists of a special type of Sola Constant 
Voltage Transformer, semiconductor rectifier and choke. 
Ripple voltage is held within 1% rms at full load. 

Solavolts have no replaceable parts, require no routine main- 
tenance. They are portable for bench use, or may be mounted 
on a standard 19-inch relay rack. 


Write for Bulletin CVL/DCL 


Portable Televolt improves pertormance 
of TV sets, radios, hi-fi, tape recorders 


This static-magnetic voltage regulator improves .television 
reception by correcting line voltage variations which often 
cause picture flicker and distortion. It also stabilizes voltage 
for improved performance of high-fidelity amplifiers, radios 
and tape recorders. The unit regulates within +3% of nominal 
for input voltages between 95 and 130 volts, to give a nominal 
fixed output within the range of 115-120 volts. Requires no 
installation—merely plug it in and forget about it. The compact 
Televolt is automatically switched on or off by a relay whenever 
the equipment power switch is operated. 

Write for Bulletin 26J-CVA 


Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies, 
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts 


Busse Road at Lunt, Elk Grove, Illinois, HEmpstead 9-2800 In Canada, Sola-Basic Products, Ltd., 377 Evans Avenue, Toronto 18, Ontario 
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Norden and Colorado Research 
introduce a new /ine of 
Digital Microgoniometers 


HIGH ACCURACY 
ANGLE ENCODING EQUIPMENT 


The Microgon Model 360/106 Angle Encoding Equip- 
ment . .. a complete electro-mechanical measuring se 


system provides continuous decimal display of measured Total counts cer Tum 360,000 


angle in degrees and thousandths of a degree. The Resolution 


success of the Microgon Model 360/106 now prompts 
Norden and Colorado to introduce a number of other 
high-accuracy, high-resolution Digital Microgoniom- 
eters designed for such diverse applications as missile 
launching and tracking, star tracking, radar antennae, 


Accuracy At Any Point 
Readout 


Maximum Interrogation Rate 


Maximum Shaft Slew Rate 


3.60 Sec. (0.001 Degree) 
3.6 Sec. Continuous Angle 


(1) Visual Intine Decimal 
(2) Parallel 8-4-2-1 Binary 
Coded Decimal 


Limited only by associated 
circuitry 

Full accuracy at constant 
shaft speeds up to 100 


radio telescopes and machine tool indexing and posi- degrees per second 
tioning. The following complete systems are offered: Warm Up Time. .. 10 Minutes 


Operating Environment of Electronics 
Temperature 30°F to 110°F 
Pressure Sea Level to 17,000 feet 
CODE Vibration i ’ Per Mil. E. 5400 


Transducer Dimensions ‘ 3%,” Dia 


8-4-2-1 binary decimal 5.3” Long 
Transducer Weight Approx. 4% Pounds 


MICROGON COUNTS 
MODEL NO. PER TURN 


360/106 360,000 
512/218 262,144 
512/219 524,288 


Parallel pure binary Transducer Moment of Inertia 3,210 gm-cm? (approx.) 


Preamplifier Dimensions—Over-all Approx. 4%” Long, 


3” High, 24%” Wide 


Parallel pure binary Preamplifier Weight 15 Ounces 
i Dimensions each Module 21'' Ae” Long, 
(hollow shaft) | 15," Widen'774" High 
Reversible Degree-Decimal Counter Weight 35 Pounds 
Power Supply Weight 66 Pounds 
Dua! Controlied Oscillator Weight 53 Pounds 


Parallel pure binary 
2048/221-H 2,097,152 


1000/106 1,000,000 8-4-2-1 binary decimal 


Parallel pure binary 


2048/221 2,097,152 (solid shaft) 


Please send for complete specifications on any of these high accuracy angle encoding systems, 
or any other Norden encoders. Write, or call Milford, Connecticut, TRinity 4-6721. 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


MILFORD DEPARTMENT, WILEY STREET, MILFORD, CONNECTICUT 


Rear 
nefbun: 
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New Cubic V-45 Digital Meters 
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Priced for Industry! 
Proven for Defense! 


SPECIFICATIONS 


Absolute accuracy: 0.02% +1 digit 
(rms sum of system tolerances) 

Input: Floating or grounded, from front 
panel connections. 

Input impedance: 10 megohms at 
balance 

Input filter: 60 cps rejection 

Ranges: Manually selected, 10% 
expanded range 
Low +0.000 to +10.999 vdc 
Mid +00.00 to +109.99 vdc 
High +000.0 to +1099.9 vdc 

Sensitivity: 1 millivolt 

Sensitivity control: continuous from 1 
digit to 10,000 digits, with 
standby lockout. 

Power input: 105-125 vac, 50-1000 cps, 
20 watts 

Dimensions: 19” wide x 5'4” high x 
15%” deep, rack or bench 
mounting, with dust-proof 
switch and bridge section 
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Now, at last, the top quality and 
dependability of Cubic digital volt- 
meters are available in a meter priced 
for the industrial market. It is the 
new four-digit V-45 Digital Volt- 
meter, fully transistorized, aecurate, 
economically priced. 

The practical manager recognizes 
the costliness of operator errors 
through misreading and misinterpre- 
tation. These errors occur daily on 
the production line, in quality con- 
trol, testing and receiving inspection. 
Alert managers are continuously 
seeking instrumentation which will 
climinate the human element in 
measurement procedures. 

The new Cubic Model V-45 Volt- 
meter is the answer. It offers the 
precision expected from custom-built 


equipment and covers the full d-c 
range from 1 millivolt to 1099.9 volts. 
It is rugged enough for operation in 
any industrial environment. Like all 
Cubic digital voltmeters, the V-45 
features the proven reliability and 
accuracy of transistor-driven stepping 
switches. 

Write for more information to 
Dept. CE-2, Industrial Division, 
Cubic Corporation, San Diego 11, 
California. 


V-45...the economy meter in 
a quality line, price $940.00 





cubic 


CORPORATION 
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Think what a waltz life would be after you installed Benson- 
Lehner’s OSCAR K record reading system. No more need/ess 
drudgery in slowly reading, interpreting and transcribing trace 
records...why, you could romp through your record reading 
chores with this complete, compact system...and it's only a 
mere $4990. The OSCAR K can read paper trace records, 
transparent trace records, and trans/ucent or opaque film 
records with an accuracy of plus or minus 0.1% of full scale. 
It takes records up to 12-1/2” wide and 500 ft. long, in either 
direction at a motorized variable speed. Output is to Benson- 
Lehner’s Electrotyper or IBM Keypunch. Your record reading 


would not only go faster and more accurately, but at so much 


less cost. So why not make music together? Just ask us. 


"= benson-lehmer Corporation. Write us 
at 11930 Olympic Boulevard, Los Angeles 64, California. 


‘Miss Schwartz, don't you think we'd 


better put another record on the machine ?’’ 
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TUBING 
FOR 
“THERMOCOUPLES ° 


ity 
" r 


TubeXperience in action 


HK 


TUBEXPERIENCE PREPARES A NEW INSTRUMENT BULLETIN 
—GUIDE TO SELECTION AND APPLICATION OF INSTRUMENT TUBING 


Superior’s long experience in producing small-diameter metal 
tubing to extremely close tolerances enables it to offer in- 
strument designers and makers a wide variety of materials, 
sizes, metallurgical competence, and manufacturing skills 
that save experimentation in the design stage ... time and 
cost in production. 


“Specialty Tubing for Industrial Instrumentation” —a new 
bulletin by Superior just off the press—puts into print for the 
first time comprehensive information that covers all types of 
Superior tubing for the instrument field. It includes required 
characteristics, materials usually specified, range of sizes, 


tolerances, tempers, and special considerations for ther- 
mometer-bulb, capillary, Bourdon, bellows, fire detection, 
linkage, recording-pen and torque tubing; also tubing for 
thermocouples and gas chromatography. 


Send for a copy of this valuable bulletin today. The informa- 
tion covered will greatly help your selection of tubing for all! 
measuring, indicating, recording and control devices. If you 
have a problem involving tubing, call on us to help you 
solve it. Superior Tube Company, 2026 Germantown Ave., 
Norristown, Pa. 


a aviarlide 
The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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METERED VARIAC® 


CONTINUOUSLY ADJUSTABLE 
A-C SUPPLIES 











* Ideal for measuring power consumption. 


* Convenient means for determining the effects of 
reduced or increased line voltage on a-c operated 
equipment; for example, locating cutoff points of 
voitage-regulator circuits. 


Useful for tracking down circuit troubles that are 
intermittent with normal line voltage, but which 
can be made to occur more frequently or fail 
altogether at either low or high line voltage. 


ai ee PLE MONE ie 
W5MT3AW 


These Metered Variacs are everyday tools needed in laboratory test 
setups and engineering work areas. Each model consists of a Variac 
with patented Duratrak* brush contact surface, a current transformer, 
the necessary switches and meters. Meters are magnetically shielded 
to yield an over-all accuracy of 3%. A double-pole off-on switch dis- 
connects the instrument from both sides of the line. The output circuit 
has two fuses mounted on the front panel to protect both the Variac 


and its meters from overload. oU.S. Patent No. 2.949.592 


WSMT3W 5 MODELS — Oto 135 voits at currents to 10 amperes 


Current Wattage 
Type Ranges Ranges Price 


W5MT3A 0-1, 0-5 - $89 








W5MT3W os oi3 $112 





0-150 


“1 
W5MT3AW 5 9.780 $150 
2 
I 





WI1O0MT3A — $110 














W10MT3W at 9 e000 $138 


Write For Complete Information G E N is RAL Re A D | Oo Cc oO M PA N Y The Best Instruments 


In Electronics 
WEST CONCORD, MASSACHUSETTS 





NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 
NEW JERSEY, Rid Hitn: -314 Ook Pork Abington Silver Spring Los Altos Los Angeles Toronto 
nee Wey SSIS One HAncock 4-7419 JUniper 5-1088 WHitecliff 8-8233 HOllywood 9-6201 CHerry 6-217) 
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New Relay 


Designed for high speed 


No soldering 


Small Size 


Program connectors 


Rugged snap-in 
plug assembly 


6. Rack mounting 


Compact, Rugged, Proven Reliable 


THE DIRECTOR 


TYPE 81 WIRE CONTACT RELAY 





Specifically designed to direct or set-up circuits in 
the logic or arithmetic section of computer and 
business machines. The RBM “Director” has also 
demonstrated itself ready to perform in similar 
applications where the basic function of the contacts 
of one or more relays sets up a circuit, but is not 
required to make or break that particular circuit. 
Typical uses would be controls for automation, 
railway signaling, traffic controls, chemical process 
controls, announciators and many others. 


and long life (200 million operations). 


1. Plug-in terminal and mating terminal block eliminates 
messy soldering and maintenance problems of old fashioned 
telephone type relays. 


2. Symetrical shape and rugged design provides for minimum 
mounting space and maximum protection to moving parts 
when handling. 


3. Armature contacts consist of two silver alloy wires per 
pole providing highly reliable redundant contact surfaces. 
4. With plug-in connectors “A” relay contacts can be “pro- 
grammed” to suit specific circuit requirements. 

5. Special hardware available allowing for mating terminal 
block assembly and easy mounting on chassis or rack. 

6. The Type 81 relay can be easily assembled in groups, sim- 
plifying wiring and ease of programming. Requires minimum 
rack or chassis space. 


TYPE 81 SPECIFICATIONS 





Contact Form 4PDT 





Contact Rating 3 amp. (carry only) 





Contact Material (Std.) | Eutectic Alloy—-Silver-Copper 





Operating time (Nom.) 5.5 milliseconds max. inc. bounce 





Life 200 million operations 





Coil Form Single or Double Winding (Pic & Hold) 
Coil Voltage 20 volts D.C. thru 115 volts D.C. 








Coil Power 4 watts max. 





Breakdown Voltage 1250 volts RMS 60 cycle to frame 





Ambient Temperature 50°C 





Weight Approximately 1% oz. 














Overall dim. (Approx.) Including plug—2%%” x %” x 2” 





Consult Your Local RBM Product Application Engineer or Write for Bulletin 2000 


RB M1 | Oro} ot vb ao) t— me Dba tat _b lode! 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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inertially damped servo motors 


Thirteen lucky solutions to stability prob- 
lems! Transicoil’s complete new line of accelera- 
tion (inertially) damped servo motors matches 
every conceivable requirement with performance 
far in advance of previously available models. You 
can have size 8, 11, 15, or 18... in 4, 6, or 8 poles 

. Standard or high torque .. . corner frequen- 
cies cut to your special needs. And if necessary, 
an endless variety of special motor windings 
and shaft configurations. Highest 3rd corner fre- 
quency available in industry assures excellent sys- 
tem frequency response. Also, the large difference 
between the 2nd and 3rd corner frequencies sim- 
plifies amplifier stability requirements. 


Using these new damped motors in a system 
you can operate at higher gain, with less position 
or velocity error, less backlash sensitivity, in- 
creased stability. They’re far superior to damp- 
ing generators in marginally unstable systems. 
And compared to viscous damping or rate feed- 
back, permit high slewing speed, consume less 


i 
DAYSTROM s INCORPORATED 
yw 


TRANSICOIL DIVISION 


power, generate less heat, require less wiring, 
and need no warm-up period. 


SPECIFICATION SHEETS on the complete line are 
available now on request. Or, just tell us your 
problems and we’ll do our best to come up with 
solution. 


& 


Typical Characteristics Asymptotic Frequency Response 
of Size 8-4 pole, Size 11-4 pole Units 


K. (VELOCITY CONSTANT) i 
SIZE 8-4 POLE 29.0 
SIZE 11-4 POLE 235 
(RAD / SEC / VOLT) 


| _ CORNER FREQUENCY 
~~! | UNDAMPED MOTOR 
™ 


! 
' 
! 
' 
! 
! 
! 
! 
! 
! 
' 


1 RAD/ SEC oe 
i 


S'ZE 8-4 POLE 5 2 
SIZE 11-4 POLE 2 27 


CORNER FREQUENCY C.P.S 





SHAFT ANGLEICONTROL PHASE VOLTAGE 








Foreign: Daystrom International Div., 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER - MONTGOMERY COUNTY - PENNSYLVANIA 
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PROOF OF * 

HIGH PERFORMANCE 
.LIBRASCOPE 
DIGITAL COMPUTERS 











1—LGP-30°t 
GENERAL 
PURPOSE 
COMPUTING 





the 
Librascope 
family of 








5—RPC-9000"t (solic 


computers 











that pace 
Man's 








Expanding 
Mind... 





P-209 BOMBIN' ND 
NAVIGATION « “OMe ree 








ARK 38 (solid-state) WEAPON DIRECTOR 
COMPUTER CONSOLE 





j-state) DATA PROCESSING 
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High performance for leading business, military and industrial systems is 
displayed in this presentation of Librascope’s digital computer family. 
They offer an extension of man’s expanding mind, allowing achievements 
which only a few years ago were far beyond his reach. Librascope engi- 
neers are developing still more outstanding computers which will employ 
the most advanced techniques of logical design, packaging, memory 
systems and display. 


Advanced research teams and continuing product improvement studies 
assure highest reliability and performance of all systems and components. 
The Company’s 23-year history encompasses an unrivaled scope of varied 
analog and digital computers, a background which has produced many 
industry “firsts” and further demonstrated that Librascope means leader- 
ship in computers. 


1—LGP-30, 4096-word drum memory 
2—LIBRATROL-500, 4096-word drum memory 
3—ASN-24, 2048-word drum memory 
4—CP-209, 3000-word drum memory 
5—RPC-9000, 10,000-unit record tape 


storage plus modular delay line memory for 
working storage 


6—MARK 38, 512-word drum memory 
7—AIR TRAFFIC CONTROL, 4000-word 


plus 256,000-word modular 
drum memory system 


8—LIBRATROL-1000, 8000-word 

drum memory 
9—RPC-4000, 8000-word drum memory 
10—MARK 130, 4096-word core memory 


core memory, 











7—AIR TRAFFIC CONTROL (solid-state) 




















te ae ee 
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10—MARK 130 (solid-state) MILITARY COMPUTER SYSTEM 

















@—RPC-4000"? (solid-state 


ee “a | GENERAL 
/ PRECISION, INC. 


"Trademark, Librascope Division, General Precision, inc 


11, 5 and 8 are marketed through the 
nation-wide sales offices of Royal (cBee 
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V7035A 

3-Way Servo Valve 
Maximum flow: 
6 GPM. Proof pres- 
sure: 3000 Psi, 


V7037B 

4-Way Servo Valve 
Maximum flow: 4 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


VJ307A 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


th 
PI EERING THE FUTURE 
WFTEAR 
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Rugged! 
Fine resolution! 
Wide flow range! 


Honeywell 


SERVO 
VALVES 


Now Honeywell offers you a complete line of electro-hydraulic 
servo valves designed to meet any industrial application, built 
to withstand all industrial environments. 

Honeywell Servo Valves feature integral LVDT electrical feed- 
back to give you the widest spring-rate selection available. Their 
new rate action assures greater inner-loop stability. They have 
a low hysteresis, low threshold, high speed of response and almost 
infinite resolution. They are torque actuated and can be mounted 
in any position. And, they have on/y one moving part so that main- 
tenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
the most dependable, efficient machine control possible. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dpt. CE-12-87, 
Minneapolis 8, Minnesota. 


Honeywell 
[Hy Fat Costol 


SINCE 18865 
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How to get accurate 
data on a small recorder 


Ampex’s new CP-100 nicely balances four 
desirable qualities 


Compact. Definitely, and a great advantage in trailers, 
in airplanes, in submarines, or even in regular labora- 
tory use. There’s complete front access to everything. 
All-transistor amplifiers and power supplies cut power 
needs and keep down the heat — an advantage in tight 
equipment layouts. 


Portable. We'll frankly admit it takes two men to carry 
it — not just one and a half. But by calling in an occa- 
sional fractional man (or by using an accessory dolly) 
you gain exactly the needed performance that port- 
ables have lacked until now. In laboratory use, the 
CP-100 is “bench-top equipment.” 


Precise. Let the numbers talk. Though compact, the 
CP-100 is a full-fledged, uncompromised laboratory 
recorder: 200 ke response at 60 ips tape speed (and 
proportional at others ) ; flutter well within telemetered- 
data requirements; intermodulation distortion so low 
it never adds spurious data of its own. 


Universal. Yes, in numerous ways. The CP-100 isn’t 
fussy about power; takes 115 or 230-volt AC at 50, 60 
or 400 cycles or 28-volt DC from batteries or genera- 
tor. Kinds of data: direct or FM-carrier, by inter- 
changeable plug-in amplifiers. And it records and plays 
back as well. 


The essential data 

Model: CP-100 Compact Recorder/Reproducer. Reel 
size and tape width: 10-inch reels with %2- or 1-inch 
tape (as specified). Types of recording: direct or FM 
carrier by plug-in interchangeable amplifiers. Tape 
speeds: 60, 30, 15, 742, 3% and 1% ips. Frequency re- 
sponse: direct, 300. to 200,000 cps + 3 db at 60 ips; FM 
carrier, 0 to 20,000 cps at 60 ips; response at other speeds 
proportionate. Tape compatibility: yes, with Ampex 
FR-600, AR-200 or interchangeable with FR-100, 
FR-1100, 300 and 800,series. 


May we tell you more? Please write 


AMPEX DATA PRODUCTS COMPANY 
Box 5000 * Redwood City, California * EMerson 9-7111 
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New high power 
silicon 
rectifier cells 


Ratings to 600 volts... Currents 





to 240 amps! 


Designed specifically for high-power applications, this new 
Type 439 Westinghouse rectifier cell features a peak reverse 
voltage rated at 600 volts. Another Westinghouse exclusive is 
the fused ceramic-to-metal construction that is hermetically 
sealed for extra reliability, extra ruggedness, extra-long life. Other 
features include: 


¢ Lightweight (8 oz.), small size 
¢« Hard soldered connections 
« Junction temperatures to 190°C. 


¢ No thermal fatigue 

High current, high voltage applications include: Electro-chemical 
refining / Plating / Elevators / Cranes / D-C motors / Battery 
chargers / Railway traction / Welders. 

For more information, call your nearest Westinghouse repre- 
sentative or semiconductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
When it comes to semiconductors ... you can be sure... if 
it’s Westinghouse. $C-1010 


Westinghouse 
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For immediate “off-the-shelf” delivery, order 
from these Westinghouse Distributors: 
EASTERN 


CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS INC. 
Melbourne, Florida/PA 3-144] 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Isiand, N. Y./PI 6-6520 


MIDWESTERN 


ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO Houston, Texas/CA 4-2663 
RADIO addons co. 
dianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, II!./NA 2-8860 
S. STERLING CO. _ Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 
Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dallas, Texas/TA 4-3001 


WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
eles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO 
eng “Calif./OR 4-8440 











new from 


a data 
input unit 
Panene that fits 


comes a revolutionary new 


a 
direct entry keyboard! in any system | 
* 


It’s flexible— works with any 

checkout, data-logging, testing, or 
other system; with any computer; with 
any digital instrument...can be 

rack or console mounted. 


It’s versatile —features a 10-key 
keyboard, with up to 30 control keys. 
(Standard model shown has 5 
control keys.) Indicator lights 

are available for special 
applications. 





It’s easily adaptable — 
requires no outside 

technical help for integration 
into existing systems. 


It’s reliable — made by the company 
with over 20 years’ experience in 
designing and manufacturing precision 
keyboards. 


It’s low in cost —lower in initial cost, lower in 
maintenance and repair costs. 


For complete information on how this Clary 
input keyboard can fit in your system, simply 


write direct to the Clary Electronics Division ci a ry CORPORATION 


and state your requirements. San Gabriel, California 
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Eight channels on a 7" high ‘ j { 
single chassis, provide economical, j i¢ ®) (@) tC) 
general purpose recording .. . - 
choice of two amplifier types — - 
low gain (0.01 to 500 volts); 
high gain 10 uv to 100mv. 


8-channel direct writing ‘‘350” 
style recorder in a single 17%" 
high package . . . immediately 
visible inkless traces made by heated 
stylus on rectangular coordinate 
charts, at any of 9 electrically 
controlled chart speeds. 


# ppgenytes 
4 »,. 49990 
) : ee | 2 
PRACTICAL. ECONOMY WIDE USEFULNESS 
Sinha NEw Ss DORN DIRECT WRITER 


» 


curate and economical microvolt to volt 
ording, investigate the performance and 
brn ‘‘950”’ system. Choice of 
Sor low gain amplifiers for stability, 
Ration and low power consumption. 





Common Mode Frequency 
Volhoge Respome 





+200 volts mon a 0-100 eps 
within 3 do 
ot 10 dw 
peok 'o peak 





+2.5 ¥ mon 0 cps for Model 956 
On most senutive sensitive 1a . ] POO + 5K 
ronge, increaung 
to +500 + on 
others 

















ices subject to change without notice) 

n Sales -Engineering Representative, located in principal cities 

States, Cenade and foreign countries. 

RIAL DIVISION 175 Wyman Street, Waltham 54, Mass. 
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CHOOSE 
FROM THE 
COMPLETE 
LINE OF i 
EAI 
DIGITAL 
PLOTTING 
EQUIPMENT 


The Series 3400 DATAPLOTTER — provides continuous line, individual 


point or symbol presentation of x-y data stored on magnetic tape. 

Up to 4800 points per minute plotting speeds. Unique “free-run” mode 
P P P Pp & sp q 

permits continuous curve plotting from discrete input data. 


The Series 3300 DATAPLOTTER — plots symbols, points or inked lines 
from punched cards, tape or keyboard... 

The Series 3200 DATAPLOTTER — permits plotting in point or symbol 
form from punched cards, tape or keyboard. 


The Series 3100 DATAPLOTTER — latest addition to this family 
of products, offers a compact, economical system for point and symbol 
plotting from manual keyboard, punched cards or tape. 


EAI digital plotting equipment — 
= provides rapid, low-cost x-y graphical displays of digital data 
™ accelerates analysis of stored digital data 


= adds new dimension of value to data now left uncharted because 
of time factor involved with manual methods 

= permits immediate analysis of current, important data 

@ cuts high cost of reducing digital data to graph form by 
manual drafting methods 


Write for specific details covering each EAI DATAPLOTTER Series 


ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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The Crisis 
We Face 
A Rebuttal by 


the Military 


(Editor's note: In October the McGraw-Hill Book Co, 
published a controversial book entitled The Crisis We 
Face—Automation and the Cold War written by George 
Steele and Paul Kircher. It is a bitter condemnation of 
the present U.S. military effort on the basis of “too much 
complexity in automation equipment”. One of its pet 
whipping boys is the Minuteman project, the Air Force’s 
solid propellant ICBM. Because of the torrid criticism 
of the control field, particularly as applied to Minuteman, 
CtE asked Major William L. Still, Chief, Ground Equip- 
ment Branch, Minuteman Program Office, to review the 
book. Major Still not only refutes the authors’ conten- 
tions, but he also presents a revealing picture of the Min- 
uteman project. The views expressed by the author are 
his own and do not necessarily represent those of the 


United States Air Force.) 


Reviewer William L. Still, one of the new 
breed of technically-minded military men. 


“ 


- More than eighty percent of the total cost of a 
missile base is now in ground equipment. The strange 
decision not to produce our ICBM once we had it (as a 
result of a fantastic crash program) was made because 
Atlas cost $10 million and Minuteman would cost only $1 
million. Obviously Minuteman could be free, and still cost 
eighty percent of the Atlas . . .”’ 


“u“ 


. . » As these costs (of Minuteman) approach those of 
Atlas and Titan, every effort will be made for increased 
accuracy to justify high costs (fantastic with 300 Ib. hard 
Oe 232" 


“. . . Military leaders are now belatedly undertaking the 
‘hardening of missile bases’ . . .” 


These are a few examples of irrational and irresponsi- 
ble statements made within The Crisis We Face— 
Automation and the Cold War. The lack of logic of 
the first statement is so obvious it is refutable by seventh 
grade arithmetic. The next two statements, considered 
together, are much more insidious. First we are damned 
if we harden sites, and we are damned if we don’t. 
Second, they imply complete stupidity and _intellec- 
tual dishonesty, if not criminal subjugation of the facts. 

The book attempts to prove that we, as a country, 
are automating ourselves into the position of a second 
class military power and into economic chaos. The 
cause is not automation itself, but the existing manage- 
ment approaches to its implementation. The central 
theme is that automation should be treated as an entity, 
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—— designed, and imposed as a package. 
iecemeal automation, by breaking it into manageable 
units, tends to breed hypercomplexity through duplica- 
tion of automatic functions and data inputs. The 
separately developed devices are frequently incompati- 
ble. Connection introduces even more complexity. 

As the authors see it, complexity breeds additional 
complexity because of high parts counts which generate 
increased failure rates. Redundant circuits are added. 
These increase mean times between equipment outages 
but add to already high parts counts, and failure rates 
become even higher. Maintenance outages become 
longer, so autotiaatic checkers are developed (again 
increasing parts counts), then checkers to check the 
checkers, and spiraling complexity increases. 


A lost cause? 


It cites examples from the Atlas missile program and 
from there extrapolates to Minuteman. After conclud- 
ing that Minuteman is a lost cause, the authors range 
far afield, covering such diversified topics as hyper- 
complexity in business automation; need for leadership; 
Admiral Hyman Rickover as an example of the type 
of officer needed; decision making processes; war—past, 
present, and future (its planning, strategy, gaming, 
and execution); computer design philosophy; Russian 
training and leadership; and education for automation. 
They analyze and solve the problems they pose. 

Some of the authors’ long range solutions to the 





Ketay 2 
floated rate gyro 


controls damping 
from -54° to +74 C. 


... SAVES Space, 
weight, 

wattage 

and wear 


Ketay has been successful in developing a floated rate gyroscope 
with a unique bellows and spring fingers system which compen- 
sates for temperature changes. Fluid viscosity is allowed to change 
freely, while the damping gap is controlled instead. This ingenious 
shear damping principle offers true “second order performance.” 
No heating is required from —40° to + 74° C. 


THIS UNIQUE KETAY FLOATED DESIGN FOR TELEMETERING 
AND INSTRUMENTATION OFFERS: 


increased shock (150G) and vibration (25G) resistance. 


gimbal support on precision ball bearings and support 
independent of torsion bars, permitting gimbal balance 
to exceptional accuracies. 


DC motor with direct battery operation, resulting in 
rapid run-up. 


AC motor without brushes, achieving longer life. 


AC or DC pick-offs. AC units give high output: 7% 
volts per degree of gimbal deflection. 


200 turn wire wound potentiometer 











EES EER Os (RR eee Ste 
“ 


TYPICAL RG 20 SPECIFICATIONS 
Rate (deg/sec)...... : + 30 
Natural Frequency . 25 cps (min) 


Size at .... Diameter 2” 
Length 2%” 


Damping (Ratio to Critical) 
over temperature........... .07 +0.2 


ee ere 115V Line to Line 
3 400 cps 


Pickoff Type yaaa . Inductive 
Excitation.................. 26 VRMS 400 cps 
Sensitivity (v/deg/sec) ..... . 02 


Threshold (deg /sec) 


CLE REVAL DESEO OLE 


KETAY DEPARTMENT 


NORDEN NORDEN DIVISION 
i UNITED AIRCRAFT CORPORATION 


COMMACK, LONG ISLAND, NEW YORK 
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Minuteman, 

ahead of schedule, 
in a tie down test of 
its first engine stage 


problems of automation warrant thoughtful considera- 
tion. For example they feel that automation has 
grown to a point where it should be recognized as a 
profession in its own right. It requires a broad back- 
ground of training. Automation must, eventually, cut 
across disciplines and integrate in such a manner as to 
achieve the specific goal of the process to be automated. 
A specialist in automation must be a generalist con- 
versant with many fields such as automatic control, 
scientific development, computers, data processing, 
management, and economics. The authors even outline 
a seven-year college course to accomplish this goal. 

In the final chapter the authors present an analysis 
of our defense. I find I cannot be objective about 
this chapter. There is a vast amount of data, of vary- 
ing authenticity, presented. The subjective picture 
drawn by this, if true, would be disastrous. 

After a superficial review a reader is left with the 
impression that: our military and economic leaders 
are blind, stupid, and incompetent; our educational 
system is self-serving; all Russians are 10 feet tall; 
and that all of these problems can be solved by a 
proper approach to automation. The book is typical 
of a class of books and articles being published, with 
minor variations. The identical theme could be (and 
probably has been) written by an educator—the solu- 
tion, education; by a labor expert—the solution, 
better labor relations; and so on throughout all the 
various specialized fields. Each would be partially right. 

An important point, not mentioned, is that the 
military cannot afford the luxury of philosophizing in 
day-by-day operations. Our weapons systems must be 
built in the environment as it exists today, not as we 
would like to have it. Our tools for decisions and 
development are the world situation and scientific 
facts as known, people of high specialization and 
limited breadth, people of great breadth and limited 
specialization, and organizations either efficient or 
inefficient, as they are available. 


Debunking the authors 


I will point out a few discrepancies, half-truths, 
and misstatements that the authors have made about 
Minuteman and describe what the situation actually is. 
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In extrapolating from Atlas to Minuteman the 

authors start with automatic checkout equipment. 
They state: 
“. . . In appraising the growth towards double saturation, 
note the mcintenanace checker for the operational Atlas 
missile (a device called APCHE) fills a building with equip- 
ment. It requires for its own maintenance about seventy- 
five men. The checker-checker (called CAPCHE), as yet 
unfinished, may yet prove to be still larger . . .” 

The Minuteman guidance system is all inertial and 
is controlled by a high speed digital computer. Since 
the computer does not need its full capacity except in 
the flight mode, it is used to check itself and the rest 
of the missile. While stored in the alert condition, it 
continuously checks minor loops and, on specific com- 
mands from the Launch Control Center, performs a 
complete airborne system test; and it even recalibrates 
itself and the guidance unit. Minuteman has no 
APCHE. 

Concerning the command and control problems of 

Minuteman, the authors say, 
“... \n order to advance from a single missile (e.g. Atlas) 
to the automatic set of missiles (e.g. Minuteman), it is 
evidently necessary to make two major extensions of auto- 
mation. First, all control and monitoring personnel now 
involved must be replaced. Second, a central system of 
computation and communications must be set up which can 
coordinate the joint action of the entire set. . .” 

Replacement of personnel is one of the Minuteman 
goals; people cost money. 

Command and control of the missile originates in 
the Launch Control Center, the manned post from 
which two men can govern all missile functions. The 
message structure to control the automatic force consists 
of a total of six commands transmitted from the Launch 
Control Centers. 

Data must be fed back from the missiles. The authors 

state, 
“. . . The central system must be able to verify actual 
operability of every missile within the set at all times. This 
means complete and detailed automatic checkout con- 
ducted remotely .. .” 

Actually only go/no-go conditions are monitored. 
Less than a dozen discrete status signals are returned 
from the missile. Some of these include: 
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Con Edison's power generating station in Astoria, Long Island, 
one of the largest of its kind in the world, supplies one-eighth 
of the power consumed by New York City’s millions. An 
installation as vital as this naturally requires the utmost pro- 
tection to insure efficient, uninterrupted operation— around 
the clock, around the calendar. And this is where Thomas A. 
Edison's OMNIGUARD system provides such an important 
contribution. 


The bearings of Con Edison's auxiliary equipment, ranging 
from main boiler feed pumps to coal pulyerizing mills, are 
monitored by Thomas A. Edison resistance temperature de- 


tectors which are connected to Omniguard monitors located 
in the main control room. If any one of the 200-plus bearings 
monitored begin to overheat, an alarm is sounded instantly, 
the trouble area is identified on the Omniguard panels, and 
prompt corrective action is taken. Thanks to Omniguard, 
trouble is detected before damage can be done—which not 
only increases bearing life but slashes Con Edison's over-all 
maintenance costs as well. 


Any industry can enjoy the complete, continuous protection 
that Omniguard provides. For complete information on your 
particular requirements, call or write: 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


38 Lakeside Avenue, West Orange, N. J. 
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1. “Strategic alert”— indicating the missile is ready 
to Jaunch. 

“No-go”—indicating a maifunction which would 
preclude launch. 

3. “Alarm”—indicating a malfunction which would 
not preclude launch but could, if left alone, generate 
1 ““No-go”. 

4. “Test in process”—indicating response to test 
commands. 

5. “Calibration in process’”—indicating response to 

re commands. 

“Outer zone security violated”—indicating that 
someone has penetrated the area surrounding a remote 
launch site. 

“Inner zone security violated”—indicating that 
someone is seriously attempting to enter the secure, 
hardened missile site. 

These are sufficient to illustrate the monitoring 
philosophy used for the system. Only those messages 
are fed back from the missile which indicate changes 
of programmed status or unprogrammed events which 
evoke a unique response from the manned portion of 
the system. 

The authors then consider missile targeting: 

. The central system must be able to select patterns 
of targets to satisfy a variety of parameters. It must 
assign targets to missiles and monitor the complete launch- 
ing operations, all at high speeds . . .” 

For obvious reasons I can only assert, not establish, 
that this is not the case. 

Unfortunately they are correct when they state, 

. Communication must be virtually infallable and in- 
caoable of being sabotaged. It must operate after we are 
attacked. This implies redundancy and complexity . . .” 

This is inherent for survival. It is the same whether 
the svstem is manned or automated. Actually the 
simplicity of our automated message structure gives 
us a tool to eventually solve this problem. Recentlv 
a subcontract has been let for a radio launch control 
svstem for Minuteman. We cannot hope to meet 
the first deployment with this equipment because 
time is too short, but it is estimated that this advance, 
when ‘ntegrated at a later point, will save from one- 
quarter to one-third of a million dollars per missile. 

A measure of the complexity, or lack thereof, attri- 
butable to automation in the ground equipment can 
be given in the over-all count of equipment racks used 
in the system. The Launch Control Center controls 
the force with a total of three standard equipment 
racks. Launch sites will have from four to five each. 
It should be emphasized that this represents total 
electronics, miniaturized, but not subminiaturized. 
Some of this equipment, but by no means all, would 
not exist if automation were completely eliminated. 

I might add, to support some of the points brought 
out .by the authors, that if knowing what we know 
now, we had to do the whole job over, I would certainly 
recommend incorporating many of the functions 
presently in the ground equipment into the computer 
logic. Such action would probably achieve a substan- 
tial increase in simplicity. This tends to substantiate 
one of the book’s rules for good computer design, 

. Keep the design on paper and out of the laboratory 
as long as possible. The time devoted to study of the 
problem, and to search for ingenious solutions, has a much 
greater payoff than in other kinds of design work .. .” 

This is correct. The longer you work on simplifying 


“ 


” 


DECEMBER 1960 


a problem, the better equipment you will have—some 
time in the future. 

We are two years smarter than we were when we 
froze major design concepts. We are also two years 
nearer operational hardware. 


The reliability program 


The authors take a long look at their assumed parts 
count for Minuteman and attack our component 
reliability program. ‘They say, 

. Estimates have shown also that breakdowns in present 
slecivente gear occur about one-third in components, one- 
third in engineering, and one-third in maintenance. This 
means that even if the components and engineering were 
improved a hundred times, but the maintenance only 
doubled, the net average increase in reliability would be 
less than seven times .. .” 

After a discussion of the problems in reaching our 
goals they state, 

“.. It can be concluded the Minuteman, as contemplated, 
is a lost cause.” 

The logic of the first statement fails to pass the 
test of simple arithmetic. In the Minuteman case we 
do not anticipate maintenance for its own sake. There- 
fore a part must fail for some other cause before 
additional unreliability can be induced by maintenance. 
Try this simple exercise using the authors’ own data: 
1,000 parts fail—667 failures are due to components 
and engineering; 333 failures are due to maintenance. 
Now increase the reliability of components and engi- 
neering 100 times. Of these thousand parts which 
woukl have failed, only seven parts now fail. These 
parts could be thrown away and the over-all reliability 
would have increased by a factor of 140. 

The authors indicate that some of our components 
will have to have mean times to failure on the order 
of 10,000 years. They then state, 

“In order to test such components, and verify that such 
a level of reliability has, in fact, been achieved, it is 


Ground support console for Minuteman. 
Launching requires just two men. 
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One-piece Burndy 
connector gives fast, 
reliable compression 


Fast and reliable connections are pos- 
sible with the one-piece UNIRING, 
molded of ZyTEL by the Burndy 
Corp., Norwalk, Conn. 

Since these are compression con- 
nectors, there is no heat needed, and 
thus no danger of overheating cable. 
This also means no slow, bulky solder 
joints. The completed UNIRING 
assembly is only a. few mils larger 
than the cable diameter. 

UNIRING is available both in- 
sulated and uninsulated for single 
shielded cables, multi-conductor 
shielded cable and coaxial cables. 
They are also color coded for easy 
identification. 

The Burndy sheath connectors are 
another example of the versatility 
possible with ZYTEL nylon resins. For 
more information to help you evalu- 
ate ZYTEL for your needs, write to 
the address at the right of this page. 





Du Pont does not manufacture wire 
andcable, butsupplies thermoplastic 
resins to the wire and cable industry. 
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~ New shipboard control cable uses 


ZYTEL’ for resistance to cut-through, 
chemicals and moisture. 





This naval destroyer, the USS Wilkinson, is equipped with modern, anti-submarine missiles 


controlled by cables protected with Du Pont ZyTEL nylon resin. 


ZYTEL 33 and 37X help protect the 
Navy’s ‘““MOHOS” cable used to con- 
trol the Mark 108 rocket launcher on 
the USS Wilkinson. In this new cable 
design, each single has a thin secondary 
insulation of clear ZYTEL 33, plus a 
tough outer armor of heat and light 
stabilized ZYTEL 37. 

The two layers of ZYTEL are used 
for several important reasons. The 
armor protects the entire cable and 
allows it to be easily pulled through 
cableways without snagging or skin- 
back. The two layers also provide out- 
standing resistance to cut-through, 
moisture and various hydraulic fluids 
to which the cable is exposed. 

Because of the superior mechanical 


(OFFICIA NAVY PHOTO) 


properties of ZYTEL, the jacketing is 
thinner than other materials could be, 
reducing the overall cable weight and 
diameter. The secondary insulation of 
ZYTEL 33 permits the effective use of 
watertight terminal lugs to prevent 
wicking. And its transparency allows 
easy reading of identification matter 
printed on the singles. 

You may find that the use of ZYTEL 
nylon resins or other Du Pont wire 
and cable grade plastics can solve 
your problems. If you would like 
more information, consult your wire 
and cable supplier, or write to the 
Du Pont Company, Dept. E-12, Room 
2507Z, Nemours Bldg., Wilmington 
98, Delaware. 


ALATHON RULAN’ § ZYTEL’ 


POLYETHYLENE RESINS 


FLAME-RETARDANT PLASTICS 


NYLON RESINS 
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Cause of failure 
| Corrective action 


Foilure 





Cause of failure 





necessary to test batches of approximately half a million 
units each, over a period of 1,000 hours. This implies that 
a single test will cost several million dollars.” 


Reliability cannot be tested into components. Even 
after establishing such data it still doesn’t tell how to 
improve on what is available. 

A new approach has been instituted which operates 
on dynamic test data. Each failure is treated independ- 
ently. A failed component is sent to what is known 
as a Physics of Failure Laboratory, along with any 
available data, such as operating life and history of its 
particular manufacturing lot. The cause of failure is 
determined and corrective action taken. 

The figure above illustrates the procedure. A com- 
ponent is manufactured and goes through a series of 
tests. Any failure is analyzed, and corrective action 
Components 


is taken in the manufacturing process. 
which pass the tests are incorporated into manu- 
factured equipment, and the complete unit is run 


through a series of tests. Failures at the equipment 
level again go through Physics of Failure analysis and 
the cause is determined. These are categorized as com- 
ponent failure, manufacturing failure, or engineering 
design deficiency; and, again, corrective action is 
initiated. This procedure is continued in the field 
with operational units. It is presently planned that, 
initially, no Minuteman high reliability circuit cards 
will be repaired until after passing through the Physics 
of Failure Laboratories. 

By taking all possible known preventive steps from 
initial component manufacture, and operating on the 
premise that there is no such thing as a random 
failure, we can gradually improve manufacturing, 
engineering, handling, and operating procedures to 
approach our. reliability goals. 

The Minuteman parts count is high. A launch 
site will contain approximately 60,000 parts. For 
Atlas the authors quote 6,000 transistors in the airborne 
equipment and 60,000 in the ground equipment. They 
estimate a ratio of 17 parts to one transistor to obtain 
the over-all parts count. If we use their figures, this 
would indicate that Minuteman, even with its complete 
automation, represents a simplification of almost 
18 to 1. I have made no attempt to verify the authors’ 
numbers, nor do I even know if we used the same 
ground rules in obtaining parts counts. Superficially 
it would seem that the authors’ claim of Minuteman 
complexity piling on complexity have been refuted. 

It would be unfair to the authors to leave the subject 
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Corrective action 


Failure 





Failure 











Flow diagram of Minuteman reliability program 


of Minuteman automation without pointing out where 
I believe they went astray in their analysis. Apparently 
by the time the authors recognized the trend of spiraling 
complexity, the “incompetent” military had already 
analyzed the situation and decided to do something 
about it. Minuteman is the result of this decision. 
The authors’ extrapolation of first generation systems 
to Minuteman would probably have been correct except 
for this decision. 


Lead times versus lag 


The authors review some of the broader aspects of 
weapons system planning. ‘They condemn us for 
attempting to compress schedules. At the same time 
they also decry the fact that development lead times 
have grown until:a weapon is obsolete before it has 
finished the development stage. ‘They state, 


““ 


... In each case there was a major and persisting pro- 
curement error. There was the explicit assumption that 
great simplicity, extraordinary accuracy, and short time 
schedules could all be contracted for without harming the 
resultant activity .. .” 


‘ 


‘.. . At present there are estimates of about seven to ten 
years for our lead time, and about half that for the Russians. 
The major reason for our lag is the hierarchy of delay 
circuits in our organizational system. After a design be- 
comes technically feasible, it takes as much as five years 
for scientists to sell it to our administrators, who, in turn, 
must put it on our budget assembly line . . .” 


The whole concept of concurrency under which 
the Minuteman is being developed is dedicated to 
reducing this time lag, something which the authors 
say cannot be done and still deploy a workable system. 
It would be well to conclude by checking milestones 
to see if there are any indications that we will fail to 
meet both our technical and schedule commitments. 

Announcements have been made that Minuteman 
is as much as 18 months ahead of schedule. The 
first complete test missile will fly before the end of the 
year. In May 1960 the Air Force completed the 
eighth successful firing from underground launchers 
out of eight attempts. This program was so successful 
that the remaining 10 scheduled test launchings were 
cancelled. Plans have been completed for the first 
150 Minuteman sites; in fact, the last of these sites 
are to be completed in May 1962. Does this look 
like the schedule for a system which will not be 
operational until 1965—as stated by the authors? 

—William L. Still 
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MADT* 2N779 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature. . IT coterie Saha gata ace —65°C to +100°C 
Collector Voltage, Vers... Ss. RPO OE Ee re 
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ELECTRICAL CHARACTERISTICS (T=25°C) 


This new Phileo Germanium 
MADT is specifically designed 
for high-speed switching appli- 
cations and is the ideal NOR 
logic transistor. The MADT 
Precision-Etch* process makes it 


possible to manufacture the 
2N779 with the tightest control 
of parameters of any transistor 
in the entire industry. This ex- 
treme uniformity greatly simpli- 
fies the design of high perform- 


ance, low cost switching circuits. 
For complete data and _ infor- 
mation, write Dept. CE1260. 


*Trademark Phileo Corp. 


Static Characteristics 
Collector Cutoff Current, logo (Yes = —5v) 
DC Current Amplification Factor, hre (Vee = —O.5v, le = —10 ma) 
Base Voltage, Vee (Ic = —10 ma, lp = —0.5 ma) 0.29 
Collector Saturation Voltage, Veg (SAT) (le = —10 ma, lg = —0.5 ma) 09 
High Frequency Characteristics 
Output Capacitance, Cop (Veg = —3v, le =6, f= 4 mc) 
Input Capacitance, Ci» (Veg = —1v, le = 0, f=4 mc) 
Gain Bandwidth Product, fy (Vee = —6v, le = 7 ma) 
Switching Characteristics 
Rise Time, ty (Be = 10) 
Hole Storage Factor, K's 
Fall Time, ty (Sco = 10) 
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Open Books Open Minds 


Why not store your engineering know-how in a little black book and 
keep it to yourself? Why give away what appears to be an advantage? Your 
employer may take a similar stand, feeling that exclusive ownership of 
your “special” knowledge gives him an edge over his competitors. _ If 
this is the case, you have long ago concluded that writing articles and 
presenting papers is not part of your job. “I'll make no points by teach- 
ing what I know, so why bother?” you say. 

We wonder how people will know that you have a store of special 
knowledge and what will prompt them to beat a path to your door. How 
will you stimulate them to give you the benefit of their knowledge? How 
will you develop standing if your recognition is confined to engineers 
within your company? How can your employer, in fact, know that in 
your mind and in your black book he owns an exclusive edge over com- 
petition? Over and over we have seen an engineer's mind open when 
he has tested his knowledge before his peers. He has found that others 
in his profession already had much of his “exclusive” knowledge. Those 
who had progressed beyond him were willing to contribute ideas and 
information that expanded his mental view and amplified his fund of 
knowledge. His mind continually gathered more than his black book 
could contain. 

Happily, the black book attitude is waning. Users and makers of con- 
trol have awakened to the benefits of exchanging knowledge. In fact 
some are now stimulating exchange with author incentive programs. 
Convair Div. of General Dynamics started such a program four years ago. 
General Precision, Inc. and its four divisions—GPL,Kearfott, Link, and 
Librascope—have just announced the latest one. It features two requisites 
to the long term success of an author incentive program: 
¢ aclear statement that presenting and publishing engineering contribu- 

tions is part of an engineer’s jo 
¢ a means of screening the quality of manuscripts. 

General Precision, Inc. states that the program will “encourage the tech- 
nical advancement of employees in knowledge and ability, and it will 
create a favorable corporate image.” One can’t ask for more to burst the 


covers off the little black books. 
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the new Donner 
model 3735 dual : pecs a oseul 
electronic multiplier ? | 0°000G8 


Illustrating three of the Donner Model 3735 Dual Electronic Multipliers (6 channels) 
associated with one Model 3736 Multiplier Control. This equipment provides 6 independent 


precision multiplier/divider channels, completely self-contained in only 15% inches of 
panel height. 


SINGLE QUADRANT 
MULTIPLICATION 


&«& SQUARING ACCURACIES 


Donner’s new multiplier combines more most wanted features and high accuracies at a 
remarkably low cost. Check these features: 4. 0.05% (FS) four quadrant multiplication ac- 
curacy. 2. Completely compatible with all analog computers—no external power supplies 
or amplifiers required. 3, Built-in division and square root operations. #4, Modular con- 
struction with plug-in printed circuit cards. s. A 6 channel unit costs $3,800 or $633 per 
channel, compared to over $900 for comparable equipment. 


OTHER SPECIFICATIONS 


INPUT Four independent voltages, X:, Yi, Xz, and Yo in the 
range of +100 volts. 


OUTPUT Two independent products, —0.01X:Y: and —0.01X:Y2, 
in the range of +100 volts at 10 ma maximum load current. 


DRIFT Less than 100 mv over an 8 hour period. 
NOISE Less than 100 mv, peak. 
PHASE SHIFT Less than 1° at 100 cps. 


ZERO ERROR With one variable = 0 and other ranging over 
+100 volts, maximum error in product is only 40 mv. 





The use of plug-in printed circuit cards in the DIMENSIONS Model 3736 Multiplier Control panel 5% x 
Mode! 3735 Oval Multiplier assures adequate 19 inches. 

ventilation and easy access to all components. j i ° 
Shows 2 channel unit. Available in 2, 4 Mode! 3735 Dual Electronic Multiplier panel 342 x 19 inches. 
or 6 channels. 


Complete technical information on the Model 3735 Dual Electronic Multiplier is ready now. 
Call your nearby knowledgeable Donner engineering representative, or write Dept.21, 


bo hm fa ee SCIENTIFIC 888 GALINDO STREET * CONCORD, CALIF. 


COMPANY MUlberry 2-616] 
A Subsidiary of Systron-Donner Corporation e 
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Safe, Reliable Process Monitoring 


Part |: WHATS NEEDED 


THE GIST: Regardless of the process under consideration, safe, reliable monitoring 
depends on the reliability of the transducers, the reliability of the way in which they 

are used, and the reliability of the monitoring system itself. Importance of the 

first two is only briefly mentioned here; the subject of this article is monitoring systems. 

The process used to illustrate this discussion, the Hanford reactor, is far from 

common. Its reliability and safety requirements, however, are very much like those of 

other critical processes. Of the two basic system types described here, the data sampling 
type appears to have far more to offer than the currently used continuous type. 


R. SHERRARD, General Electric Co. 


Just how reliable and safe a monitoring system 
must be depends on the process being monitored. 
But the same reliability and fail-safe criteria apply 
in each case. The following discusses these two 
requirements and the principle types of monitoring 
systems used to satisfy them. 

Broadly classed, monitoring systems are either of 
the continuous or data sampling types. Main dif 
ference between the two is the way in which they 
handle transducer outputs. The continuous-type 
system uses complete alarm and indication circuits 
for every transducer output and monitors each signal 
on a continuous basis. The data sampling type of 
system, however, uses high-speed scanners and a 
single information channel to handle all transducer 
outputs. Relative to any particular transducer it 
is essentially a discontinuous system. Its advan 
tages will be described in more detail later. 

The process used to illustrate the problems in 
the following discussion is somewhat unusual. It is 
a Hanford reactor, a process in which uranium fuel 
elements are irradiated within process tubes to pro- 
duce plutonium. There are several thousand such 
tubes, and the temperature and flow of coolant in 
each must be monitored with an extreme degree of 
reliability and safety. Safety here demands protec- 
tion not only of the fuel elements but of the reactor 
itself. Full or partial loss of coolant or loss of 
adequate monitoring would be considered unsafe. 


Reliability 
In discussing reliability, three distinct probabili- 
ties must be considered: 


1. the probability of detecting an unsafe condition 
and shutting down the process, 
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2. the probability of not detecting an unsafe condi- 
tion when it exists because of a malfunction in the 
monitoring equipment, and 

3. the probability of a monitoring system’ fault caus- 
ing a false shutdown, 

Items 2 and 3 are of a complementary nature. ‘To 
insure the highest degree of success of item 1 and 
to minimize the probability of not detecting an 
unsafe condition (item 2), system configurations 
must be made inherently fail safe. ‘This accentuates 
the probability of false shutdowns (item 3). 

The success of item 1 depends on transducer 
reliability, reliability of the measurement techniques, 
and monitoring equipment reliability. 

The best way to explain the meaning of measure- 
ment technique reliability is by example. Figure |] 
shows a single process tube with temperature and 
flow transducers appropriately placed. In a venturi 
flow system where differential pressure is used as a 
measure of flow, it is apparent that the same flow 
in either direction can produce about the same pres- 
sure drop. Thus in any system where flow can be 
in either direction but process safety requires it to 
be in one particular direction, the measurement tech- 
nique is unusable unless the pressure transducer is 
fast enough to trip during the transient period 
caused by the reversal of flow. 

Reliability of the temperature measuring tech 
nique is also questionable. Referring again to Fig- 
ure 1, it can be seen that a process piping break 
upstream of the temperature probe can cause the 
flow to reverse relative to the temperature probe. 
Under these conditions the probe would be moni- 
toring outlet collector water temperature instead of 
tube coolant water. In a pressurized system a plumb- 
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FIG...1. 
Single process tube with flow | 
and temperature transducers 
located at either end. 
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FIG. 2. 
Simple bridge circuit illustrates 
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the difficulty in providing 
absolutely fail-safe operation. 








ing failure downstream from the temperature detec- 
tor can also affect reliability of the temperature 
measurement if the coolant flashes to steam. Then 
the temperature of the steam-water mixture would 
be essentially constant for any given pressure. These 
examples illustrate some of the unusual variables 
that must be taken into account when analyzing the 
reliability of monitoring systems. 


“Fail-Safe” 


The highest degree of monitoring reliability re- 
quires that the monitoring system be capable of 
detecting its own failures, and in continuous systems 
the easiest way to indicate a functional failure is 
by means of a fail-safe trip. Any component or cir- 
cuit will be termed fail-safe if its failure results in 
either a gross calibration shift in the safe direction, 
or the same system operation that would occur if 
the monitored point actually exceeded its limits. 


The dilemma 


In a continuous monitoring system it is almost 
impossible to avoid a certain number of safe, but 
false, trips. Of course there are some continuous 


system configurations in which equipment failures 
can be detected and announced. A number of 
these, however, have been evaluated and abandoned 
because of the complexity and cost of the necessary 
added equipment. Obviously, a totally fail-safe 
monitoring system with basically poor component 
and circuit reliability would produce continuous 
shutdown rather than a safe planned continuous 
operation. Conversely, it is just as evident that lack 
of fail-safe operation of a basically poor monitoring 
system could produce a continuous unsafe operation 
of the process. No complete solution exists for this 
dilemma; a much better approach would be to use 
a different type of monitoring system in place of 
the continuous system and to add logic that could 
distinguish between true out-of-limit process condi- 
tions and monitoring system failures. ‘Techniques 
are available in data sampling systems that can fulfill 
the necessary requirements to a greater extent with- 
out requiring completely fail-safe operation 


No perfect solution 


The simple Wheatstone bridge configuration 
shown in Figure 2 best illustrates the fail-safe re- 
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quirements and the degree to which they can be 
implemented. 

Bridge parameters are chosen so that as long as 
process temperature (probe resistance) is safe, cur- 
rent flow in the detector circuit is in the direction 
shown. The detector, e.g. a polarized sensitive re 
lay, is designed so that it is held open by the current 
flowing in the bridge and biased by springs so that 
it will drop out or close before the current balances 
in the bridge detector circuit. Reverse current will 
aid the spring closure. The circuit, therefore, fails 
safe for an open in the detector or detector circuit 
and for a power supply failure, provided the relay 
does not stick. It also fails safe for an open tem- 
perature probe but not for a short in the probe. 
If R, opens, the current reverses and the circuit is 
fail-safe; if it shorts, the failure cannot be detected 
and a gross calibration shift occurs. Open-circuit fail- 
ure of Ry, also causes a gross calibration shift. If R» 
shorts, the circuit fails safe. A short in Rg results 
in a fail-safe operation; open circuit failure of Rg is 
not detectable and results in a gross calibration shift. 

It is evident that not even a simple bridge circuit 
can be made completely safe without adding com- 
plexity. ‘The best approach is to make the prob- 
ability of component failure as remote as possible. 
While this can be done with components, circuits 


and solder joints require at least parallel redundant 
wiring and frequent test and inspection. 


System Types 


Of the several system types now available for 
process monitoring, the oldest and most used to 
date is the continuous type. When the number of 
points to be monitored becomes large enough, how- 
ever, the newer high speed data sampling type of sys- 
tems can provide a much higher potential over-all 
reliability at a cost equal to or lower than that of 
continuous systems. 

Hybrid systems also exist in which a continuous 
monitoring function produces pulse-type informa- 
tion that can be handled by logic techniques similar 
to those used by data sampling systems. This type 
of system, however, is limited to a small number 
of functions since each must share the transducer, 
and cost of the input functional modules is multi- 
plied linearly by the number of functions. 


Continuous 


A continuous monitoring system is illustrated by 
the block diagram of Figure 3. This could be either 
a flow or temperature monitoring system. Shaded 
blocks represent secondary functions used mainly to 


FIG. 3. Elements of a continuous-type process monitoring system. 
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guide the operator in controlling the process. 

Functions generally required or desired in this 
type of system include: high or high and low limit 
monitoring, approach-to-trip (desirable but usually 
optional), readout of each measurement relative to 
a master setpoint dial (desirable as operator infor- 
mation in temperature systems but optional in flow 
systems), and buffered output for slow speed data 
logging of each point monitored. 

The buffer module between primary and second- 
ary functions protects the primary function from 
the effects of catastrophic failure of the secondary 
functions. Normally other functions would be de- 
sirable in a continuous monitoring system, but the 
added cost and effect on reliability Tule them out. 


Data sampling 


Figures 4 and 5 illustrate functional arrangements 
of a high speed, data sampling-tvpe monitoring sys 
tem. From these it is apparent that several func- 
tions have been added primarily because thvy are 
needed and can be provided at a very low additional 
cost. As can be seen in Figure 4, the only part of 
the system that is full scale is the multiplexer. Func- 
tions of the system are obtained by just one redun- 
dant series channel of functional equipment. Be- 
cause of the single-channel aspects of equipment 
beyond the multiplexer, a redundant functional block 
for each function contributing to the primary func- 
tion is both feasible and required. With the speeds 
available (5,000 points per sec), the system can 
pause between data frames and program-in known 
calibration signals that can be used to check out 
all functional blocks and switch out those that indi- 
cate marginal performance or failure. Redundant 
blocks switched out will be indicated for manual 
replacement so that redundant spares are again 
available. 

Figure 5, a more detailed diagram of the tem- 
perature monitoring system, illustrates the following 
primary system functions: high limit monitoring 
(the flow monitoring system would have both high 
and low limits), approach-to-trip monitoring to spot 
tubes in which trouble is just starting, and the mon- 
itoring and rejection of irrational data. AT monitor- 
ing to check temperature rise across the process can 
also be provided. Data normalization, an added 
function, supplies the proper process quantities for 
the secondary functions of data logging, tape record- 
ing, and numerical display. 

Limits are set for each point monitored by select- 
ing a number of programs and patching in a par- 
ticular limit program for comparison with each 
point. The monitoring of AT is an added function 
readily available in this system but requiring extreme 
circuit modification for continuous-ty pe ‘use. 

Approach-to-trip comparisons and irrational data 
comparisons are made against manually set master 
programs. Approach-to-trip manual controls can be 
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used for example to locate the process point o1 
points closest to trip; it can also serve as an early 
warning device during various phases of operation 
and can be arranged by permissive switching to 
cause an automatic power-cutback when one or more 
points approach the trip limit. 

The irrational override or reject function, serves 
several purposes. Normally it detects system or 
transducer malfunctions and wiring failures and over- 
rides trip signals if the values are beyond either a 
rational low or high limit. This irrational override 
feature is particularly useful in a coincidence trip- 
type system. It can be used in single transducer 
systems also but only under one condition: the 
possibility of a transducer or wiring failure occur- 
ring at the same time that an unsafe process condi- 
tion exists must be extremely remote. 

Visual display of process quantities equal to or 
greater than those set by manual control is a required 
secondary function and a valuable operating guide. 
Normally a CRT serves this purpose. 

Because of the system’s high scanning rate, the 
magnetic tape unit can be used not only to store 
data for subsequent computation but also to record 
actual process data during an emergency shutdown 
or scram. 

By its nature the data sampling type of system 
will readily accommodate a computer that can be 
used to determine total power, power rate, and 
process yield. With the necessary programs facili- 
ties in the data normalization block, this type of 
system can be made to monitor almost any kind 
of electrical data. 

Another fundamental difference between the con- 
tinuous and data sampling systems is based on the 
manner in which a trip signal is used after detection 
of an out-of-limit process condition. The data 
acquisition system, being essentially one-channel, has 
but one normally energized output. Upon detection 
of a process alarm or scram condition, it simply 
deenergizes its single output and identifies the 
source of alarm on the display panel. The continu- 
ous system, unfortunately, is full scale all the way 
through, and a full scale system of alarm logic is 
required to inform the operator that an out-of-limit 
condition has been detected. 


Working systems 


The foregoing has shown what functions are re 
quired to assure the reliability and fail-safe operation 
of process reactor monitoring systems. ‘The advan- 
tages of the data sampling type of system over the 
continuous type of system have also been noted. In 
the second half of this article actual operating expe- 
rience with both the monitoring systems and the 
transducers will be discussed in detail. 

Some previous reliability history will be reviewed 
and means will be suggested for specifying reliability 
requirements for future systems. 
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© A message of importance to engineers using punched paper tape equipment for machine tool control & data handling 


WHY TALLY READERS AND PUNCHES TALK EASY 


You can ialk to Tally punched tape readers and 
perforators with less input and output logic than 
any other equipment on the market. You can talk 
to Tally equipment faster. With only one com- 
mand, your Tally reader will read and advance; 
your Tally perforator, punch and advance. You 
can read or punch 5, 6, 7, or 8 channels without 
modification. Oil mist lubrication provides whis- 
per quiet operation. Their engineered simplicity 
means long term reliability. 

Tally perforators operate asynchronously at 
any rate up to 60 characters per second. Their 
unique wire clutch drive lets you vary speed for 
slaving to other equipment, simplifying design 
of logical systems. Pyices for perforators start at 
$1,000. 


P.S. Problems in making complex programming 
tapes? Call us, we're making 4 to 16 channel 
guaranteed error-free punched tapes for many 
missile and satellite programs. 


CIRCLE 92 ON READER SERVICE CARD 


Tally readers feature a reading rate of 60 
characters per second in either direction, instantly 
reversible for rapid search and select. They have 
triggered tape feed readout with the rate con- 
trolled by external equipment. Full accountability 
is furnished by the Form C switch which provides 
positive hole/space sensing. Reader prices begin 
at $595. 


Special Tape Systems Available 


On request, Tally engineers will be happy to 
review your product requirements for special 
tape readers, perforators and reader-perforator 
systems. Please address Dept. 21 
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1310 Mercer Street 
Seattle, Washington 
Phone: MAin 4-0760 
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Generalizing the 
Adaptive Principle 


This is the final article in a three-part series describing the adaptive prin- 
ciple. In. the first article, “Making Sense out of the Adaptive Principle” 
(August ’60, pp. 113-119), author Gibson defined adaptive controls and dis 
cussed the three criteria required by the definition. In the second article 
“Designing and Mechanizing the Adaptive Principle” (October "60 pp 


109-114) the author described seven controls 


alled adaptive 


GIST: The generalized adaptive control serves as an ideal for the designer 
to strive for but never rea:h. Studying the ideal adaptive system indicates 
one of the designer’s severest problems: how to make the control search for 
the desired optimum. The author describes a method of “steep descent” to 
speed the searching process and discusses three possible improvements that 


can be made on the method. 


J. E. GIBSON, Purdue University 


One way to understand what the control engineer 
can expect from the adaptive principle is to study 
a generalized adaptive system, then to examine how 
this idealized approach can be modified technically 
and economically to produce a feasible system. The 
ultimate adaptive control would be completely gen- 
eralized as shown in Figure 1. It satisfies three 
requirements, the most general that can be placed 
on the control system (Ref. 1): 

1. The adaptive control must cope with a plant 
(H, and Hz in Figure 1) whose transfer function 
is initially unknown. In addition, H; and He are 
nonlinear and time variant. 

2. The form of the equalizer which the adaptive 
control synthesizes is not restricted in advance to 
lag or lead or other conventional networks. ‘The 
transfer function may consist of a ratio of poly- 
nomials, whose order and coefficients vary with 
application. 

3. The measuring and computing process nec- 
essary to determine the values of the equalizer 
coefficients or modified signal will not in any way dis- 
turb the normal operation of the system. 

The ideal control consists of a box labeled “com- 
puter’ and the devices required for sensing the input 
and output signals. Such a system might be mechan- 
ized in a number of ways. The computer could be 
a special purpose digital machine with auxiliary data 
handling equipment and some physical equalization 
equipment (such as that described in Ref. 2) 
that would be adjusted by the computer. Or the 
equalization process could be accomplished inter- 
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nally in the computer, with connections to the sys- 
tem through input and output equipment. This 
configuration can be generalized into multiloop sys 
tems, to be time-shared by a general purpose digital 
computer. Or a special purpose analog computer 
can be designed to fit this control system. But the 
functions of binary logic and storage seem more 
natural to a digital device, so the digital computer 
is a more obvious choice. 

Although none of the systems discussed in Parts 
I and II of this series meet all the criteria of an 
adaptive system—in fact it does not appear econom- 
ically feasible to construct a control capable of such 
complex adaptation—these criteria have a purpose: 
they indicate some things not to do. 

Kor example, the first requirement prevents the 
designer from selecting as an optimization criteria 
some special attribute in the response of a particular 
system. ‘Thus it would be improper to measure 
“time to first zero of error”, for example, for a step 
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SPECIAL CASE OF THE 
IDEAL ADAPTIVE CONTROL 


FIG. 2. B—Bode diagram shows that system stability 
can be improved only by a lead network, not a lag. 
T, and T, are the time constants of the equalizer to 
be adjusted by the adaptive control. 
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function input because a poor system might look 
like a good system by this simple measure. 

The second requirement bars simply adjusting 
the gain of values of a lead network, for example, 
to obtain optimum response. The reason: one of 
the main purposes of installing an adaptive control 
is to obviate determining the transfer function of 
the plant prior to installing the control, either to 
save time and money or because it is impossible 
to make this determination. Without such knowl- 
edge, of course, it is impossible to know in advance 
what kind of equalizer would be desirable. 

And the third criterion prevents the designer from 
interrupting the normal operation of the system to 
measure its response by a special input. The objec- 
tion: a disturbance might be intolerable to the sys- 
tem. In the autopilot of a high performance air- 
craft, such input might put the plane out of control; 
in a chemical process, it might spoil the product. 


Multidimensional adaptive control 


In Figure 2A is a simple generalized adaptive con- 
trol. It will become unstable if the adaptive loop 
acts incorrectly; it will have to adjust several param- 
eters to achieve an optimum. To this it will adjust 
the parameters of a series equalizer. T, and T»2 are 
the time constants of the position of a single zero 
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FIG. 2. A—Simple control for multidimensional optimization 
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FIG. 3. Given values of the figure of merit are connected 
together to form contours or lines of constant figure of 
merit. The adjustable control would try to push the 
control until it had infinite bandwidth and zero response 


and single pole whose values may be adjusted. 

In this case the equalizer is a special case of the 
general lumped parameter form—a ratio of poly- 
nomials in power of s. By sketching the root locus 
or Bode diagram (Figure 2B), the designer discovers 
that system stability can be improved only by a lead 
network, not a lag. This fact also emerges from the 
adaptive loop operation so it is not necessary for 
him to know this in advance. 

If minimum ITAE (Integrated Product of ‘Time 
and Absolute Error) is chosen as the optimizing 
criterion or figure of merit for this example, it can 
be calculated for various values of T, and T»s and 
the results plotted for constant figure of merit 
(Figure 3). The contours apparently do not close 
in the finite region; the sides of the valley are quite 
steep on three sides, but the floor continues to slope 
downwards. Such a condition might not be antici- 
pated by a designer conditioned to working with 
a conventional equalizer; in the absence of directions 
to the contrary, the adaptive control will push the 
equalizer until it yields a system with infinite band- 
width and zero response time. 

Although this example is a special case, the possi 
bility indicates that the adaptive control requires 
some careful restraints. In higher order systems 
the contours will usually close in the finite region, 
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but open contours occur more often than expected. 
I'he most usual restraint is to constrain the equalizer 
within certain maximum and minimum limits. 

Another situation that requires constraint is the 
case of the control system with the false minimum, 
supplying curves of constant figure of merit like 
those in Figure 4. If the adaptive control locates 
the false minimum first, it will stay there. No 
simple automatic procedure has been developed to 
prevent this; it occurs, however, only in complex 
systems of rather high order. 


The method of steep descent 


Unfortunately such contour drawings are not nor- 
mally available: they would be expensive in machine 
time and cost to calculate, and they would require 
previous knowledge concerning the supposed loca- 
tion of the minimum to assign an area to search. 
What is needed is a method of intelligent search or 
steep descent to the minimum (Ref. 3). 

One relatively simple approach has the following 
procedure (Figure 5): 

a) Arbitrarily choose a point (point a, Figure 5) 
somewhere in the T,:T2 matrix and calculate the 
I'TAE or given figure of merit. 

b) Calculate the ITAE for the next larger and 
next smaller values in the T, direction and in the T» 
direction (points b,, be, bs, by), thus producing 
four more ITAE values. 

c) Calculate the change in ITAE from the ar 
bitrarily chosen point to each of the four additional 
points; then consider that point showing the greatest 
decrease as a new center point, adjusting to it. 

d) From the new center point, again calculate 
surrounding points in the T, and T» directions, pro- 
ducing three new data points. 

e) Again choose that point showing the greatest 
decrease as a new center point and continue. 

This procedure has at least three advantages: it 
can be used for any number of coordinates, it does 
not depend on initial knowledge of the location of 
the minimum, and it will continue to track the mini- 
mum even if it changes its location with a change 
in parameters—the essence of adaptive control. 

At least three variations have been suggested to 
improve this method of deep descent. First, if the 
size of the increment is chosen so it is a function 
of the rate of decrease, when the rate of decrease 
is large, the increments will be large; and when the 
optimum is approached, the steps are small. ‘This 
combines economical search away from the mint 
mum with accurate adjustment near it. Both the 
Quarie Controller and Opcon (described in Part 
Il) have some form of increment adjustment. 

Second, if new points are selected on “the diag 
onal” instead of at 90 deg with the arbitrary point 
(see Figure 5, refined method), the procedure can 
be shortened. The new point (c in Figure 5), a 
better choice, has not been measured, but it can 
be located by a calculation of vector descent. 
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Third, if some memory is incorporated into the 
procedure, an initial choice of the most likely direc- 
tion of descent is made and calculations are made 
only in this direction as long as the results yield 
descent. Dimensional searches are made when a 
move in the expected direction does not yield it. 

These methods are primitive relatives of the meth- 
ods of “steepest descent” used by mathematicians to 
solve complex problems in variational calculus. Such 
complex techniques are likely to be useful in control 
if the adaptive controller is a general purpose digital 
computer. The exact balance between complexity 
of approach versus practical reliable system perform- 
ance is likely to be the subject of study in adaptive 
control for some time. 

Since the method of search is an important aspect 
of the operation of adaptive contro] systems, con- 
siderable research is being expended to improve 
current methods and to conceive new ones. The 
presence of noise in the ‘system or ambiguity in 
the measurement of the system response determines 
to some extent the method finally selected. For 
example, in a system whose noise level is low, the 
designer can make predictions about the location 
of the optimum—thus permitting large movements 
toward the optimum—but he cannot make these 
estimates if the system is noisy. 

These theoretical methods of searching have a 
counterpart in actual systems. In the complex multi- 
dimensional adaptive system, the controller has to 
track the optimum in a systematic way. If three 
or more dimensions have to be searched, time pro- 
hibits 2 random search. ‘The search effort can be 
divided into two parts: learning time and slewing 
time. The former is the time the adaptive control 
requires to decide in which direction to move; the 
latter is the time required to execute the movement 
once a direction decision has been made. One bit 
of research is aimed at telescoping these two opera- 
tions to speed up the system. It may be possible 
to start slewing after the control has a rough indi- 
cation of the direction to pursue, instead of waiting 
for the completion of the learning process. 
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FIG. 4. False minimum may develop in complex 
higher order systems when figure of merit is plotted 
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FIG. 5. 
Method of steep descent 


The stability problem 


Another serious problem in complex, high per- 
formance adaptive systems is stability. Intuitively 
a designer feels that reducing the increment of search 
as the optimum is approached will exert a stabilizing 
influence on the adaptive loop. The reverse of this 
same condition, however, does not guarantee stabil- 
ity. When the increment automatically increases 
to follow a rapid drift of system parameters and if 
the gain of the adaptive loop is made as high as 
possible to help the rapid followup, then stability 
is not obvious. Many adaptive system designs try 
to avoid this problem by making the adaptive loop 
slow and sluggish. But this is only a temporary solu- 
tion. If a user finds an adaptive control desirable 
for an application, eventually he would want that 
control to be capable of high performance. 


The future for the adaptive principle 


How far and how fast application of the adaptive 
principle goes depends on a number of factors which 
might be considered in the form of five questions, 
some of which already have been discussed: 

1) What are the advantages of the adaptive prin- 
ciple? It allows the automatic control of a process 
or system whose parameters undergo wide changes 
of value in an unpredictable manner. It may also 
control systems whose dynamics initially are partially 
or completely unknown to the designer. 

2) What are the disadvantages of the adaptive 
principle? In its general form adaptive control will 
be complex and expensive. And the adaptive con- 
trol can be no better than the figure of merit chosen 
by the designer to represent optimum performance. 
Good engineering can help reduce the effect of 
these disadvantages in any particular application. 

3) Where should the adaptive principle be ap- 
plied? It should not be thought of as a substitute 
for good engineering; it will not work miracles. Un- 
less parameter variations are wide, and unpredictable 
or it is impossible to measure the transfer function 


of the system, adaptive control should not be used. 

It is important that the variation of parameters 
should be wide and unpredictable. If by measuring 
some environmental quantity it is possible to predict 
the variation of a system parameter, an open-loop 
method of compensating this parameter will prob- 
ably be simpler and cheaper. If several factors inter- 
act on several parameters, adaptive control may be 
simpler even in systems with predictable variations. 

4) Should a general adaptive control be employed? 
Probably not. All of the designer’s knowledge of 
the system should be employed so that the mini 
mum effort is left to the adaptive control. The 
general adaptive control described above . serves 
mainly as a philosophical model and may never be 
built. In fact, there is one school of thought that 
believes a portable adaptive control should be used, 
but only until enough knowledge of the process is 
gained to design a simpler, conventional control. 

5) What about future applications? As control 
problems become more and more complex, a de- 
signer has more difficulty tracing through the system 
to establish the effect of every conceivable disturb- 
ance and parameter change. Obviously the system 
will be improved if it is able. to sense these changes 
and correct itself. Thus for complex problems the 
expense of adaptive control will be warranted. 

Many hitherto uncontrollable processes will be 
tamed: for example, a production process in which 
the optimum rate of operation depends upon such 
things as 1) increased rate of wear on machinery 
as speeds are increased, 2) existing inventory of the 
final product, 3) weather conditions and seasonal 
effects that influence the use of the product, 4) eco- 
nomic conditions that influence the use of the prod- 
uct, 5) the profit available if the machines were 
turned to produce another product entirely, and 
6) the effect on worker moral of speedups or periodic 
shutdowns. 

Probably one of the biggest uses of the adaptive 
principle will be to shorten the lead time required 
to develop new controls for new systems. Complex 
adaptive controls can be applied initially on the 
process to establish the boundaries and limits of 
operation. Then a conventional control or a sim- 
plified adaptive system can be substituted when 
enough is known. Thus, in effect, the adaptive sys- 
tem is taking over what conventionally would be 
part of the designer’s job. 
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incremental Servos 
Part Il: 
Operation and Analysis 


THE GIST: As pointed out in Part | of this series, all stepping motors can 
be broadly classed as either solenoid-ratchet or phase-pulsed synchronous 


devices. 


This article discusses the operation of each of these two classes, 
using a single example in each case. 


The author then goes on to take a 


quick look at the importance of inertial load matching and concludes with 
an interesting review of the analytical nature of stepping controls—how they 
resemble, and differ from, the more conventional servo types. 


S. J. BAILEY, Vitro Corp. of America 


In the first part of this series (November 1960) 
stepping motors were classified in a number of ways. 
By far the most significant of these is the general 
classification based on operation. According to this 
division, steppers are either solenoid-ratchet devices 
or phase-pulsed synchronous devices. Although each 
type is well represented by commercially available 
models, only two will be described here. Only in 
their broadest design concepts can these examples be 
called “representative” of their types. Primarily they 
were selected because of their interesting design fea- 
tures and because they serve to illustrate the greater 
differences between the two types. 


Solenoid-Ratchet type 


Figure 1A shows a simple stepping device with 
electromagnetically _ preloaded actuating springs. 
Stepping is accomplished by spring force released 
through power shutoff. The critical elements are 
the dynamic ones: armature, armature hinge, bearing, 
contacts, ratchet wheels, pawl and detent. 

Mechanical detenting is chosen because it pro- 
vides positive, accurate steps and prevents wander- 
ing at the indexed position. The detent spring at 
the top aids the armature spring action in the final 
stages of deceleration, while preventing overshoot. 
Armature motion is kept at a minimum, thus using 
optimum solenoid force. Armature hinge and bear- 
ings are carefully designed for minimum friction. 
Contact A has the requisite built-in delay without 
resorting to friction or other unreliable methods. The 
actuating ratchet wheel, a straightforward design, is 
supplemented by a similar device for actuating con- 
tact B. Contacts A and B operate in series to energize 
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the solenoid. At any indexed position, these contacts 
are both closed, so that a single current pulse actuates 
the device for a single step. With a constant cur- 
rent applied, the device will continue to step. Con- 
tact A opens when the armature approaches its travel 
limit. Contact B opens when the spring stroke starts, 
keeping solenoid deenergized during stepping. 

Figure 1B illustrates the operation. At (1) the 
electromagnetic force has become sufficient to move 
the armature against the actuating spring complex. 
At (2) secondary elements of the spring complex are 
encountered under conditions of high armature ac- 
celeration and force. Note the drop in velocity. 
Slightly before travel, contact A deenergizes the sole- 
noid. ‘The armature continues to travel to its limit 
stop (4), remains there until, at (5), the loaded 
spring begins to discharge its stored energy. At (6) 
the pawl energizes the ratchet wheel and shortly 
thereafter contact B opens. Contact A may now 
close without causing the solenoid to energize, so 
that the stroke may be properly completed. By (9) 
the detent has passed the “peak” so that the detent 
spring can now aid the armature spring complex. At 
the final position (10) contact B closes, and the elec- 
trical circuit is ready to repeat the cycle. 

This particular stepping device is primarily actu- 
ated by a 28-volt, 1-amp pulse of 10-15 millisec dura- 
tion. The pulse may be derived from a control sys- 
tem power source or an associated transistor trigger. 

Some of the modes of operation, for a current 
pulse input, are shown in Figure 2. For clarity, the 
stepping mechanism is simplified to actuating and 
detenting essentials. Figure 2A shows the basic 
stepper, while Figure 2B shows the basic unit plus 
an integral potentiometer. Synchros, resolvers, or 
other electromechanical components may be added 
as desired. In Figure 2C a commutator assembly 
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provides for returning the output shaft to a previ- 
ously indexed (home) position by an input at the 
homing terminal. In Figure 2D the operation has 
been expanded to include controlled and automatic 
stepping as well as automatic homing. Here the term 
“automatic” means continuous stepping or homing 
with a fixed input voltage. 


Phase-pulsed synchronous type 


The next ‘design example is a phase-pulsed syn- 
chronous motor. One is shown in Figure 3. 





In this type of motor only two phases (designated 
“plus” and “minus”) are switched alternately to the 
winding. ‘The device is similar to a three-phase syn 
chronous motor except that one of its stator windings 
is replaced by a permanent magnet field which pro- 
vides “no-current’” stopping and holding torque 
The rotor has no windings, hence no slip rings. It can 
be made bidirectional by stacking two units. The 
stator has two salient pole groups X and Y. These are 
spaced so that when one group aligns with rotor 


* Protected by U.S. Patent No. 2,834,896 
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teeth, the other group aligns with spaces between 
the rotor teeth. Thus, there are 20 positions, 18 deg 
apart, on one revolution of the rotor when its teeth 
will be in alignment with one set of stator teeth. 

A third soft iron stator structure carries six rather 
sharp teeth at 18-deg intervals so that for each step 
of the rotor, three of them will align with rotor teeth. 
This structure Z is connected by two permanent 
magnets to each of the other salient pole groups. 
The magnets are in parallel, sending flux through this 
third stator element to the rotor. There it divides 
and returns to the magnets via extensions of the 
other two stator parts, X and Y. In this device stator 
element Z is referred to as the detent pole; elements 
X and Y, as the driving poles. The detent pole is 
about 6 deg around from a position where rotor teeth 
can be in alignment both with it and with a driving 
pole at the same time. Thus the rotor always comes 
to a position about 44 deg away from alignment with 
the nearest driving pole (Figures 3A and 3C). The 
operating sequence in Figure 3 is schematically the 
same as that of a polarized relay. 

The permanent magnet performs two basic func 
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tions: 1) it permits coil current polarity to determine 
where torque shall next be produced, and 2) it pro- 
vides torque to advance and hold the rotor (when no 
current is provided) in a position favorable for fur- 
ther coil current influence. Figure 4+ shows rotor 
torque for all combinations of positions and maxi- 
mum effective current. 

Figure 5 shows typical input circuits applicable to 
the two-phase pulsed motor. ‘These diagrams include 
a center-tapped battery drive, a vacuum tube drive, 
and a transistor drive. ‘The phase-pulsed synchronous 
motor can also be operated as a synchronous motor, 
making it useful for dual mode operations of “slew- 
ing and inching”. 

In general, the main advantages claimed for the 
phase-pulsed synchronous type of stepper include 
fewer moving parts, longer life, and faster response. 


Load matching 


Driven elements are somewhat critical in stepping 
motor applications since a given load must be accel- 
erated to a peak angular rate and decelerated to zero 
angular rate during each unit step cvcle. If, for ex- 
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FIG. 5. Input circuits for use with the phase-pulsed type of 
stepping motor: A—simple center-tapped battery drive; 
B—vacuum tube designed for either a trigger or key input; 
C—Two-transistor drive circuit that takes an approximately 
constant input power for all output stepping rates. 


ample, the pawl “bounces” against the ratchet, be- 
cause of excessive forward acceleration, the stepping 
function will assume a chatter or, in extreme cases, 
an actual backward stepping. The above condition 
would be aggravated by a high inertial load with ex- 
cessive angular momentum. Careful matching of load 
impedance is necessary and requires proper selection 
of spring and damping parameters in conjunction 
with the loss moment of inertia. Load control at 
step completion is usually simpler in mechanical de- 
tenting than it is in electromagnetic detenting which, 
without rigid indexing, requires some damping. In 
many phase-pulsed synchronous drives operating at 
very high stepping rates, there is no actual zero 
angular rate achieved between steps. The final posi- 


tion, however, still presents a damping problem, 
since the remaining energy associated with one step 
may either oppose a second step or aid it so that a 
third (spurious) step results. 

Figure 6 shows graphically the extent to which 
inertial loads must be observed and compensated 
by adequate damping and spring coupling for vari- 
ous stepping rates. It should be noted that these 
curves are representative and do not necessarily 
apply universally. 


Analytical approach 


Before getting into typical stepping motor applica- 
tions in the next part of this series, it might help to 
take a brief look at the analytical nature of these 
devices. This will reveal some interesting similarities 
between the characteristics of a stepping motor dur- 
ing a Single step and those of more conventional 
position and velocity servos. 


Unit step dynamics 


The block diagram, Figure 7, illustrates the unit 
step behavior of any stepping motor. While it ideally 
represents the phase-pulsed synchronous type, it can 
in a broader sense also represent the solenoid ratchet 
type. Essentially it shows that as soon as a forward 
driving torque is applied, the motor begins to gen- 
erate a reverse stopping torque. When net torque 
on the output member reaches zero (step termina- 
tion), the output member should reach zero velocity. 
This can be written as follows: 


K,E(s) — K26(s) = 0 (1) 


where K,E(s) is the forward torque, and K2@(s) is 
the reverse torque. Relating the two torque terms to 
motor dynamics yields: 


K,E(s) — K20(s) = [Js? + (f + fa)s]0(s) (2) 


where f represents viscous drag, fg the adjusted damp- 

ing, and ] the moment of inertia. 

The transfer function can be written as follows: 
6(s) K, 


G(s) = E(s) ss Js® + (fF + fads + Kz 


or in more familiar terms as: 
G0) = sag (3a) 

The similarity to a Type II position servo is evi- 
dent. Reverse torque is analogous to the feedback 
loop. This analogy applies regardless of the motor 
type or the way in which its reverse (stopping) 
torque is generated. In practical mechanisms, how- 
ever, the reverse torque term will depart somewhat 
from linearity. 

Obviously f; and the other parameters must yield 
a damping ratio (¢) which will cause the device to 
settle into a sufficiently quiescent state before the 
start of a new step cycle. 

For a damped sinusoidal oscillation, which is actu- 
ally what occurs as a stepping motor comes to rest 
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ner tia, 


Load moment of 


after a single step, the following inverse Laplace 
transform (Ref. 1) applies: 


L~1G(s) = L | a = wae ; ettsin pt (4) 
where a and £ are related to the damping coefficient 
and natural frequency of the motor in the usual way. 
[t appears from this that the relationship between 
a and the stepping frequency 1/T is very significant. 
Because 1/a equals 2J/(f + f,), the adjustment of 
f, will be important in maintaining the value of 1/a 
sufficiently smaller than T. 


Analytical difference 


From the foregoing it would appear that a con- 
ventional position servo is analytically similar to a 
stepper motor acting as an incremental servo. This 
cannot entirely be the case, however, since a unit 
impulse applied to each of the two devices will not 
clicit identical responses. The stepless servo will 
experience a disturbance and return to rest in ac- 
cordance with its dynamic characteristics; the incre- 
mental servo will respond similarly, but come to rest 
at a new position, one unit angle from its start. 

In this respect the incremental servo resembles the 
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FIG. 6. Typical inertia-speed curves illustrating 
the effects of varving the mechanical and e'ectrical 
parameters in the circuit shown at the upper right 
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velocity servo whose generalized response to a unit 
impulse is: 
6,(8) = Kn (5) 
Equation (5) states that after the disturbance has 
settled there remains a finite output. The equation 
can now be written for the stepper response with its 
built-in “metered” angular increament, 6,: 
6, * . 
R(s) = 0,(s) = > —— : (6) 
The pressure of »,? in the numerator points up the 
fact that the residue at s equals 6 is exactly @,. It also 
indicates that the reverse torque of Figure 7 is exactly 
matched with the forward torque to yield the design 
angle each time a step is taken. 
For properly adjusted load conditions Equation 6 
becomes: 


Ris) = — 


where t, is the time delay per step, and e*-* the 
transform of a time-shifted stop (transportation lag). 
In cases where motor response is relatively fast com- 
pared with the input data, 


R(s : (3) 


Since a unit impulse has a transform of unity, the 
transform of the stepping motor is also expressed 
under varying conditions by Equations 6, 7, and 8. 

A series of unit impulses occurring at intervals of 
T seconds will produce a staircase output as shown in 
Figure 8: 


where 


l 
s(l —eé 
\ finite number of impulses n with penodicity T 
would vield the s-transform response: 


6, ce 
¢ re (10 


Equation 10 points up the stepper operational 
characteristic of finite summation. Under conditions 
of data periodicity Tp>>T, the stepper may be 
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FIG. 8. Staircase output produced 
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FIG. 10. Block diagram of a seif- 
triggering stepper in a closed loop. 


regarded as an infinitesimal summing device or true 
integrator: 


6.(s) = E(s) : (11) 


where E(s) is a function of time which has been 
sequentially sampled at a relatively high rate. 

In many steppers bidirectional stepping is achieved 
through dual actuating elements for cw and ccw 
rotation. Consider the device as shown in Figure 9. 
The net angular output would be: 

ye m—1)T's (12) 


+0, yee ore a 


where n is the number of cw steps, and m is the 
number of cew steps. 

In the time domain: 9,(7»,.) = (n — m)@, (13) 
where T,, . ,» equals (n + m)T. A negative result 
indicates a net rotation counterclockwise. 


Self-triggering stepper 


An incremental servo which will accept an analog 
input f(t), sample it sequentially with periodicity T, 


and yield a sequence of values of f(t) is termed self- 
triggering and would have the transform: 
Ey7 


s(1 — e-7*) 


K(s) = 14 
where E,7 is the value of the nth sample and 
T<<Tp. 

In z-transform notation this equation becomes 

> E,r ~ 
K(z) = L: 
m< (1 — 2)(1 — 2) 

Here the (1-z) binomials are expressed separately to 
emphasize that they do not have identical meanings. 
One of them expresses the impulse modulating nature 
of the device and the other its staircase generating 
characteristic. The entire equation expresses the 
operation of an incremental sampling servo. 

Such a device when followed by continuous fre 
quency elements enclosed in a unity feedback loop 
(Figure 10) would have the s-transform response: 

E, I 
R(s) = = —-xX— 16 
1 —é Ts 8(8 + a) 
The first term in this equation expresses the incre- 
mental portion, and the second combines the 
continuous frequency portion of the self-triggered 
stepper with the exponential decay network. A 
sequential sampler followed by a continuous fre 
quency network has the closed-loop z-transform: 
l G(z) 
4 


R(z) xX-= 
; (1 — 2) jl + G(z)] 


and Equation 16 therefore becomes: 


E17 Bz 


Re) = (l—2z)(1l —2z)(1 — yz 


IS 
where y equals e*", (l-z) (1-z) represents a staircase 
function, (l-yz) a staircase step decay, z the delay 
of all staircase steps by T seconds (e7*), and 8 
equals (1l-e?*) /a. 

Further information on closed-loop z-transforms 
and jump function analysis may be found in any of 
the last three references listed below. 


Steppers at work 


The third part of this series will cover the appli 
cation of the stepping motor to a wide variety of 
incremental servo systems. Block and circuit dia- 
grams will illustrate such widely divergent applica- 
tions as a digital differential altimeter, a rail car 
sorting system, and a simple asynchronism detector. 
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TODAY’S MOST ADVANCED COMPUTING “PACKAGE” 
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Cali the nearest Bendix Computer office, or write: 


Bendix Computer Division 


DEPT. W-29, LOS ANGELES 45. CALIFORNIA 


DECEMBER 1960 CIRCLE 103 ON READER SERVICE CARD 103 





Hints for Improving 
Relay System Reliability 


Watch out for relay mutual and self-contamination 


Specify connecting wires that won’t break through fatigue 


] 
2 
3. Use higher voltages across dry circuit contacts 
4 


Check contact failure characteristics of relays 


BYRON K. LEDGERWOOD 
Control Engineering 


When two identical relays performing under iden- 
tical circuit conditions are placed one above the 
other in a relay enclosure, which will be the most 
reliable, the upper one or the lower? And which is 
better: rigidly mounted relays with seven-strand wire 
or grommet mounted relays with 19-strand wire? 
These are the sort of mundane problems that the 
systems engineer often does not consider. But they 
may affect over-all systems reliability much more 
than would leaving out the interlocks, redundant 
circuits, and other reliability-insurance techniques 
that he has incorporated in the course of a complex 
control system analysis and design. 

Allen-Bradley Co.’s research personnel ran exten- 
sive tests to investigate the importance of some of 
these often overlooked relay application factors. The 
following reports on four areas that were studied: 
1) relay contamination, 2) connecting wire breakage, 
3) dry circuit switching, and 4) typical industrial 
control relay failure curves. 


1. RELAY CONTAMINATION 


The most important cause of relay electrical fail- 


ure is the bits of nonconductive material on the 
contracts, preventing contact closure. The strange 
thing is that most often these contaminants are gen- 
erated by the relay itself or by a second relay located 
above the first. 

Figures 1 and 2 give some idea of the contamina 
tion generation potential of typical relays. Figure 1 
shows a sealed case used for the parallel testing of re- 
lay electrical reliability as described in the reference, 
The relays mounted in the case are operated simul- 
taneously until one contact on one relay fails to 
make or break, at which time the test shuts down 
until the failure is noted and the equipment is 


restarted manually. A shows the case prior to the 
start of a test, while B shows the same setup after 
1 million operations. Note the quantity of relay 
generated dirt at the bottom of the case in B, shown 
in more detail in Figure 2. This is dirt that would 
fall down and contaminate lower relays if there were 
relays mounted below, a situation commonly encoun- 
tered in the conventional industrial relay enclosure. 

To verify the effect of relay mutual contamina- 
tion, tests were run to determine the relative relia- 
bility of relays mounted in a 3 x 3 matrix, Figure 3. 
The plot shows operations per failure in percent of 
top row failures and is the result of three separate 
tests on two different types of relays. The data are 
scattered since the tests were run for only 1 million 
operations and since there are variations from relay 
to relay and in the type of relay construction. Relays 
with their contact structure shielded from falling 
particles, for example, show less difference in failure 
rate than do relays with open contacts. a 
cally sealed relays should show no difference. 

But in every test that was run—all tests ae 
standard industrial control type relays with accessible 
contacts—the relays on the lower two rows failed 
more frequently than the relays in the top row. This 
would indicate that relay system reliability can be 
improved by avoiding mounting one relay over an- 
other or by including a shielding partition between 
horizontal rows. 

A further increase in reliability can be achieved by 
selecting relays that generate a minimum of dispersed 
contaminant and that do not contaminate them- 
selves. In particular look out for relays in which 
insulating materials in the immediate vicinity of the 
contacts rub against other insulating materials or 
against metallic materials. This rubbing action be- 
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FIG. 1. A—Relay test enclosure before start 
of test and B—after one million operations 


tween wearable materials is what generates dirt and 
nonconducting particles. 

Some industrial control relays have a greater tend- 
eney to contaminate themselves than do others. In 
an effort to improve relay mechanical reliability, 
industrial relays have been designed with enclosed 
contact structures. This prevents dirt from the 
relays above from reaching the contacts and often 
vields a relay that has excellent mechanical life, but 
at the same time it prevents the self-generated con- 
taminants from escaping from the vicinity of the 
contacts. In the long run this results in a severe 
decrease in electrical reliability because of self 
contamination. Avoid relays where the dirt cannot 
fall away from the immediate vicinity of the con 
tact structure. 


2. CONNECTING WIRE BREAKAGE 


Wire connections to relays can play an important 
role in system reliability. Careless installation can 
cause breakage of the connecting wire between wire 
and terminal, wire and lug, or even breakage of the 
lug itself. Too frequently nonspecific assembly in- 
structions or the desire to save copper can result in 
wiring that is under sufficient tension to cause exces 
sive stresses in the wires, particularly if there is 
terminal motion with respect to wire moun«cings. 

Tests were run to determine the effect of con- 
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RELAYS GENERATE DIRT 
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FIG. 2. Closeyp of: test enclosure shows dirt 
generated by one relay after 1 million operations 
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position in enclosure on 


on the lower two r failed more frequently 


necting-wire slack, wire type, and relay mounting 
on wire breakage. The relays were mounted on an 
angle bracket with the under side of the angle 2% in. 
above the center line of the terminals, Figure 4. 
Wires were anchored on the top side of the angle 
so that any wire flexure had to take place between 
the under side of the angle and the relay terminals. 
Tests were run with no slack in the wires, Figure 4A, 
and with varying amounts of slack (Figure 4B shows 
2 in.). Seven and 19-strand No. 14 gage wires were 
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employed with solid and grommet mounted relays. 

The most extensive tests were made with 19- 
strand No. 14 gage wire connected to four-pole 
relays mounted on resilient grommets. Wherever a 
breakage occurred, the wire was replaced to simu 
late actual operating conditions with a fully wired 
relay. If a second failure of the same lead occurred, 
the incremental number of operations was used for 
analysis. Wire failures are expressed in percentage 
of the total number tested and as a function of the 
number of operations of the relay. 

Figure 5A shows the results for the original 2%-in. 
wire and for l-in. and 2-in. longer wires. With no 
slack the initial failures occurred after about 7 108 
operations. However, as replacement wires were 
installed and the tests continued, some subsequent 
failures of a particular wire occurred after only | o1 
2 million operations. Thus the curve of percent 
failures vs number of operations starts at about | 
million. The reason for this behavior is not clear 
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FIG. 4. A—Test relay 

with no slack in connecting 
leads and B—with 

2 in. of slack. 
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ut may be due to slight variations in initial tension 
in the replacement wires. It may also reflect changes 
in the operation of the relay due to wear of the 
moving parts or increasing grommet flexibility. 
The curve shows that about 50 percent of the 
wires were broken after 20 < 10° operations, but at 
+0 10° operations the number broken had in- 
creased to only 70 percent of those tested. This 
apparent leveling off of the curve short of 100 pet 
cent is explained by a statistical analysis of the 
data which shows that the failures are not described 
by a single normal distribution curve, but by a com- 
bination of several such curves. Breakages follow 
several distribution patterns, depending on location 
of the terminal to which the wire is connected. 
With the wires having 1 in. of slack, initial failures 
started at about 12 10° operations with about 17 
percent of the wires broken at 20 10° and about 
With 


started 


40 percent broken at 40 10° operations 
the wires having 2 in. of slack, initial failures 


Failures in percent of total wires tested 


20 wo» @ aw ef 
Operations in millions 


FIG. 5. Wire breakage test results for different wires and different relay mounts 





at 24 10° operations, but only about 6 percent had 
failed at 40 * 10® operations. 

The tests using seven-strand No. 14 gage wire 
and relavs with resilient grommets were made slightly 
differently. They were started with the relays fully 
wired, but no replacements of the broken wires were 
made during the test. Figure 5B shows that the 
failures started at 4.5 10° operations and increased 
steadily, approaching 100 percent for the wires with 
no slack. Observations made during the test dis 
closed that the full set of connecting wires appreci 
ably added to the stiffness and reduced relay motion. 
As the wires progressively broke, the remaining wires 
were more highly stressed and failed more rapidly. 
This indicates that if only one or two poles of a four 
pole relay were wired this way, the failure rate would 
be higher than if fully wired. Surprisingly, the 4-in. 
longer wires showed practically no change in break- 
age rate. The wires | in. longer showed a consider 


ably reduced breakage rate, and the wires 2 in. longet 


3. DRY CIRCUIT SWITCHING 


Drv circuit switching (where the contact carries 
current but does not make or break a circuit—an in 
terlock, for example) always presents electrical reli 
ability problems since there is no making or break 
ing of current to burn away the contaminants on 
the contact surfaces. ‘Tests were run to determine 
the relationship between circuit voltage and the 
failure to make of dry contacts. Figure 6 shows the 
results: there is a considerable decrease in failure 
rate as the voltage is increased. 


4. TYPICAL RELAY FAILURE CURVES 


\ log-log plot of contact reliability tests for sev- 
cral makes of relavs is shown in Figure These 
are averages of results on a number of relays so that 
the shapes demonstrate the failure characteristics of 
a relay line rather than the peculiarities of a single 
unit. Only electrical failures are considered. 

Note that relay 1 initially shows a higher failure 
cate than either 2 or 3, but that later 1 turns out to 
be greatly superior. Relays 2 and 3 are initially about 
the same, but in time 3 turns out to be considerably 
poorer. In the case of 3 the failures as indicated by 
the 1 to 1 slope of the curve would appear to be 
essentially random in character, whereas in the case 
of relay | the failures, instead of increasing linearly 
with operations, increase roughly as the cube root 
of the number of operations. Relay 2 shows quite 
ditferent characteristics since the slope, and thus 
the rate at which failures are accumulated, seems to 
change with respect to the number of operations. 

While these results are difficult to explain, they 
can be duplicated, so that they are definitely caused 
by some characteristic of basic relay construction. 
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showed no failures at all up to 40 10° operations. 

Since these two tests were made on a different 
basis, an exact comparison cannot be made, but the 
advantage would seem to be in favor of the 19-strand 
over the seven-strand wire. 

The tests made with the solidly mounted relays 
also used seven-strand No. 14 gage wire. Figure 5C 
shows a small percentage of failures starting to occur 
after 20 10® operations when the wires had no 
slack and 4-in. slack. With the l-in. longer wires 
no failures occurred up to 45 10° operations. 

The test show that fatigue failures of the con 
necting wires may begin after a few million opera 
tions. This breakage can be reduced to negligible 
levels by increasing the flexibility through the use 
of finer stranded wire and by using up to 2 in. extra 
length in the leads. In the most severe cases a 
solidly mounted relay provides more assurance against 
wire breakage and is not so demanding of the man 
ner in which the relay is wired 


200 
RMS volts 
FIG. 6 Failur f dry 
vs circuit voltage 


contacts to make 


\ large user of relays would be wise to consider 
the failure characteristics of several types of relays 
to find the one best suited to his application 
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FIG. 7. Typical failure curves of various 
makes of industrial control relays 
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DELCO RADIO —THE LEADER 
IN POWER TRANSISTORS 


For top performance in a wide, wide range of applications, specify Delco Radio's 
2N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 
supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 
voltage transients. @ It has a high maximum emitter current of 15 amperes, a maximum collector diode 
rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 
@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 
2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. 
LCO 
Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 
1180 Raymond Bivd. 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue D | O 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 


Division of General Motors + Kokomo, Indiana 
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Infrared Analyzer Controls 
Hydrocarbon Extraction Process 


Closed-loop control of processes with stream analyzers represents a rewarding 

area for upgrading the products value of operating plants. A typical instance 

of this approach is described here. Results: Propane giveaway reduced by 

about $7,000 per year, plus additional savings from eliminated control lab analyses. 


Db. M. STAGG, J. PRZEWOZNIAK, and L. W. HERSCHER, The Dow Chemical Co. 


To improve hydrocarbon extraction efficiency at 
one of Dow’s plants, an infrared analyzer now meas- 
ures the iso-butane concentration of the bottoms 
product stream of a hypersorber. And in conjunc- 
tion with a cascade control system, it regulates the 
bottoms product flow to maintain the concentration 
at a desired value. The hypersorber and its over-all 
control system are shown in Figure 1. The feed to 
the hypersorber is a casinghead gas stream which 
is separated—by a moving bed of activated carbon in 
the coluinn—into three streams: an overhead of 
methane and ethane, a valuable side product of 
propane (liquified and sold as bottled gas), and a 
bottoms product of butanes and higher molecular 
weight components. 

To get the maximum amount of propane and yet 
keep the butane content of the C; product within 
specification limits, the bottoms product stream 
flow must be closely controlled. Too much flow per- 
mits the propane concentration in the bottoms 
stream to build up, thus putting excess propane into 
the lower priced product. Too little flows allows the 
butanes to build up in the column and eventually 
contaminate the propane side product. The prob- 
lem was to find a correlation between concentrations 
and flow and then to design a bottoms stream flow 
control system that maintains concentrations. 

The correlation was determined by employing the 
gas chromatograph already used in the plant to 
continually check propane product quality. Putting 
several samples of the bottoms stream taken under 
various processing conditions through the chroma- 
tograph and studying the results indicated that the 
iso-butane concentration in this stream varied in- 
versely with propane concentration and directly with 
flow rate. Said another way, the tests quantitatively 
verified that bottoms stream flow rate affected iso- 
butane concentration. 

Since an infrared analyzer is quite effective for 
continuously determining iso-butane concentration, 
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FIG. 1. Hypersorber, left, for hydrogen 
extraction has bottoms product stream 
controlled from on-line infrared analyzer. 
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such an instrument was selected as the basic measur- 
ing element in the bottoms-stream flow control sys- 
tem. The bottoms gas stream leaving the hypersorber 
contains 80 percent steam. Steam introduced into 


the column strips the Cy and heavier hydrocarbons 
off the carbon. Therefore the instrumentation in the 
flow control loop must include a means of setting a 
positive minimum flow rate to insure constant re- 
moval of all the steam and stripped hydrocarbons. 

The infrared analyzer chosen for the system is 
of the negative filter type. Its 5-cm long sample 


cell is traversed by both analyzing and reference in 
frared beams. Sensitization to iso-butane and free 
dom from interference from changes of the other 
stream constituents is obtained by filling the cell’s 
reference-beam side with iso-butane to 688 mm of 
Hg an#ecthane to 52 mm and filling the analyzing 
beam side with 610-mm propane and 10-mm normal 
butane. These fillings were determined empirically. 
Figure 2 shows the sample handling and analyz- 
ing systems. The gas sample taken at the bottoms 
line orifice tap is put through a pressure reducer 
and then a condenser. Pressure reduction prevents 
the hydrocarbons from condensing with the steam. 
\ Moore liquid level controller separates the steam 
condensate from the hydrocarbon gases. At this 
point a large portion of the sample is vented, keeping 
the lag time from the sampling point to the analyzer 
at a mmmum. The part of the sample to be 
analyzed first passes through another pressure reducer, 
dropping the pressure to slightly more than atmos- 
pheric, and then passes through a bed of Drierite, 
drving the sample before it enters the infrared an 
alvzer. After leaving the analyzer the sample flows 
through a rotameter and is vented to atmosphere. 


Cascade control arrangement 


The infrared analyzer output signal goes to a Leeds 
and Northrup strip chart recorder at the analyzer 
location. An automatic standardizing system in the 
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FIG. 2. Details of sample handling system 
for analyzer and conversion of 
concentration signal for cascade control loop 


recorder introduces a known composition hydrocar- 
bon gas sample to the analyzer every 14 hr, auto- 
matically correcting any drift off standard. A 
follower in the L & N recorder picks up the iso- 
butane concentration reading and transmits it to 
a Minneapolis-Honeywell (Brown) round chart 
pneumatic recorder-controller, with proportional and 
reset control modes, located in the control room. 

The pneumatic output from the recorder-con 
troller cascades into a Foxboro pneumatic-set flow 
recorder controller, on which the pneumatic-set is 
adjustable from 0 to 100 percent of full scale. With 
this arrangement the bottoms gas flow can be con- 
trolled over any desired range and with any preset 
minimum flow. If necessary, the Foxboro flow 
recorder-controller becomes a simple flow controller 
merely by putting the Brown on manual control, 
thus bypassing the infrared control system. 

The infrared analyzer control system—in constant 
use during 12 months of plant operation—has given 
continuous, reliable automatic control of the bot 
toms gas stream. The cell design, good sample hand 
ling and preparation system, and rugged protective 
analyzer housing all contribute to the analvzer’s ac 
curacy and reliability. 

Analyzer maintenance, handled by a Dow Instru 
ment Dept. route man, requires an average of less 
than an hour per week. The sample cell has failed 
only once: the infrared-source cooling water coils 
plugged off. The only operator attention required 
is the resetting of the minimum flow on the Fox- 
boro FRC when steam rates change and the occa- 
sional resetting of the control point on the Brown 
CRC when column conditions change. 

Using an infrared analvzer in this closed-loop 
control svstem has brought about an estimated $20 
per day increase in products value by minimizing 
propane loss in the bottoms stream. Additional 
savings result from the elimination of control lab 
analyses to check the efficiency of the operation. 


CONTROL ENGINEERING 





CONTROL ENGINEERING 


A Simple Template 
Makes Bode Pliots Easy 


C. A. STAPLETON, ' 


The plastic template or rule described here 
simplifies the making of accurate Bode fre- 
quency response plots and can save consider- 
able time if such plots are made frequently. 


The Bode diagram is often used by control engincers 
to plot the frequency response of a system or control 
component. In the Bode plot the logarithm of fre 
quency is used as the abscissa, while phase shift in de 
grees and the logarithm of the input-output magnitude 
ratio are plotted separately as ordinates 

I'he heavy lines in Figure | are a typical Bode diagram 
(for a term of the form | normalized around 
the break frequency »,). The dotted straight lines ap- 
proximate the actual plot of the function with a maxi 
mum error of 6 deg in phase angle and 0.15 in log 
magnitude ratio. These dotted lines represent the 
asymptotes of the actual function and have discrete 
slopes of either zero or one per decade of log frequency 
for the magnitude ratio and of zero or +5 deg per dec- 
ade for phase angle. Slope changes always occur at w/o 
for the magnitude ratio and a decade 
w/w, for the phase angle. 

Bode plots of higher order functions have slopes 
which are integral multiples of'one: (ie., 2,.3):%-5 .- 
per decade for the magnitude ratio, 9° integral multi 
ples of 45 deg (i.e., 90, 180, ...) per decade for 
the phase angle. 


The Bode rule 


A plastic template designed to simplify making ac 
curate Bode plots, Figure 2, has three main features: 

-The slope vees—Placing one side of the correct slope 
vee on a horizontal inclines the edge of the rule so that 
it can be used as a straight edge to draw the slope. The 
rule shown has been designed for graph paper on which 
1 in. vertically is one unit of log magnitude; thre« 
decades of log frequency occupy 10 in. horizontally. 
—The magnitude correction—This curve permits plot- 
ting an accurate graph of the desired log magnitude 
function (again only on the correctly scaled paper) by 
direct measurement from the asymptotes plotted with 


+ jo @», 


above and below 


135, 


The University of New South Wales, 


Sydney, Australia 


the slope vees. Note that the error between the asymp 
totes and the function is symmetrical about , 
plotted for a decade either side of , in the lower 
hand sector of the rule. 

I'he angle correction—This error plot requires a sign 
change on cither side of #,, but the error is symmetrical 
about » and the 45 deg slope. ‘The simple convention 
which determines the sign of the error is on the rule 

I'he correction curves on the rule can be used directly 
for single term functions only. They must be multiplied 
by the appropriate integral factor to correct higher: order 
functions. 

In actual plotting of Bode diagrams, the complete 
pot is usually the sum of contributions from individual 
factors in a multiple term function. Straight line ap- 
p-oximations are valid, but the changes in slope will in 
general not be from zero. It is helpful therefore to 
mark the frequencies at which slope changes occur along 
1 convenient horizontal with small arrows which indi- 
cate the direction of change, “up” or “down Chis 
technique is particularly useful in making the angle 
plot, where the slope changes are a decade away from 
w,. The plot can then be drawn in one operation from 
left to right starting at zero (or log K if the de gain is 
K rather than unity) and zero degrees, changing slope 
is required at each arrow. The sign of the slop« 
is indicated by the direction of the 
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Engineered to withstand the rigors of industrial 
environment...an ultra high-speed control system 
...tailored to your exact needs 


The RCA 110, an advanced solid state industrial 
computer, offers capabilities that range from sim- 
ple automatic monitoring and recording to complete 
real-time computer control of complex industrial 
operations. 


From its very concept, the RCA 110 was designed 
for continuously operating processes, and built for 
maximum effectiveness under the hardest industrial 
usage. It is housed in dust-tight heavy steel cabinets 
and air-cooled by internal heat exchangers to guard 
against contamination from outside atmosphere. 
The entire system is programmed so that it will 
continuously check itself. In the event of main 
power failure, the RCA 110 calls into action a “safe 
shutdown” sequence without loss of computer mem- 


ory or instability to the controlled system. Wired-in 
priority interrupt helps make the RCA 110 the most 
efficient industrial computer offered anywhere. 


Like all RCA Electronic Data Processing Systems, 
the “building-block” concept of the RCA 110 per- 
mits custom-assembly of the system according to 
your special requirements, and easy expansion as 
your needs demand. 


For detailed information on the world’s most ad- 
vanced industrial contro] computer, ask your near- 
est representative of the Foxboro Company, or write 
—TIndustrial Computer Systems Dept., Electronic 
Data Processing Division, RADIO CORPORATION OF 
AMERICA, 21 Strathmore Road, Natick, Mass. 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 


®) 


6 REASONS WHY THE RCA 110 IS THE WORLD'S MOST EFFICIENT 


DESIGNED FOR FAIL-SAFE CONTINUOUS OPERATION even 
under the most exacting factory conditions. Dust-tight, 
heavy-duty all-steel enclosures are equipped with industrial 
heat exchangers for internal cooling to prevent contamina- 
tion from outside atmosphere. Requires no false flooring or 
other special site preparations. 


UNIQUE PRIORITY INTERRUPT FEATURE enables computer to 
automatically select the most urgent task from multiple 
demands. Operates on programmed priority basis, to avoid 
traffic jams and to handle emergency situations immedi- 
ately. Result-——programs are easier to write, memory space 
is conserved, and computer free time is automatically as- 
signed to self-cheeking routines. 


MAXIMUM SYSTEM ACCURACY IS SAFEGUARDED with low 
impedance, single path ground scheme—permits low level 
signals to be processed by computer, eliminating cross talk 
interference from main frame currents. Employs solid cop- 
per, 150 pound bus bar as integral part of grounding system. 


HEAVY DUTY SOLID STATE POWER SUPPLY includes separate 
metering and adjustment of all DC voltages, automatic 
alarming of over-voltage, and circuit breaker protection 
against current overload. Motor driven control eliminates 
start-up shock and prolongs life of all components. Reserve 
capacities in power supply, plus priority interrupt routine, 
safeguard memory information, and safely shut down the 
computer in event of main power failure. Entire system 
sectioned and metered for high-speed, automatic check-out. 
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INDUSTRIAL COMPUTER 


EASY MAINTENANCE EVEN DURING OPERATION— all circuits 
accessible from front in extendable drawers and hinged 
. wi ye ~ COMPARE THESE PERFORMANCE SPECS 
chassis. Industry’s most complete maintenance panel per- 
mits manual check-out of complete system. Computer con- Speed including access time and staticizing, adds in 56 
tinues to operate with all drawers fully extended. Circuits microseconds, multiplies in 728, divides in 868. Instructions 
are designed to perform at high temperatures—have built- one ediavess (Emiten two oderes indexable address reg 
‘ : : , . “ isters, 71 wired-in instructions. Number System—fixed point, 
in marginal testing, and an automatic alarm signals im- binary or binary coded decimal. 24 bit word length, word 
proper operating voltages. time 28.89 microseconds. Working Sto,.ge—magnetic core, 
coincident current, variable in size from 256 to 4096 words, 
8 high-speed input-output registers, clock frequency 936 kilo- 
, cycles. Bulk Storage magnetic drum, 3600 rpm, 4096 to 
MODULAR DESIGN PERMITS FIELD EXPANDABILITY ’ - both 51,200 words, 8.3 milliseconds average access time, 200 kilo- 
drum and core memories can be expanded in the field within cycle transfer rate, up to 12 buffer tracks for input-output. 
a few hours as additional tasks are assigned to the computer Size—82” high, 34” deep, 105” long. Typical Power Input 
+ o . . . & rey 99 , a 
or the number of inputs, outputs, and data manipulations 5 kva, 220 volts. 
are increased. 








Digital Logic Improves 
Photoelectric Length Measurement 


THE GIST: In themselves, photoelectric devices provide sufficiently high res- 


olution to measure sheet length to within plus or minus 0.001 in. 


In actual 


applications, however, “on-line” variables (notably strip speed and skew) make 
it difficult to achieve control system accuracies to much better than plus or 
minus 0.003 in. Pulse circuitry makes it possible to compensate for these vari- 
ables and realize the full potential of photodiodes as noncontacting gages. 


ROBERT B. STERNS, Logic Systems, Inc. 


Tinplate shear lines require accurate control of sheet 
length to prevent jamming of container-making ma- 
chines, insure product quality, and provide most 
economical use of material. In terms of specific design 
objectives, an optimum control system must be able to 
spot and reject any sheet that is either 0.005 in. too 
long or too short and must give the measurement of 
each sheet to within plus or minus 0.001 in. Sheet 
speed can range from 50 to 800 ft per min. 

Photoelectric techniques offer many advantages for 
this type of problem: They provide inherent resolution 
that is adequate for the application. And they do not 
involve the mechanical wear and slippage characteristic 
of contacting-type transducers for length measurement. 
On the other hand, the performance of the usual photo- 
electric system depends to a great extent on close 
regulation of line speed and careful positioning of the 
moving sheets on the conveyor. If the tinplate sections 
are subject to skew or if line speed is allowed to 
fluctuate, control accuracies are severely limited. For 
example, if a 44-in. wide sheet enters the scanning 
area at an angle of only 1 deg from the axis of the 
conveyor line, the length of scan is increased by 
0.007 in. 

Multiple photodiode scanners working into pulse 
circuity provide the answer to skew and speed regulation 
problems. The design concept makes use of “error” 
time and “inch” time to gain complete independence 
of speed variations. In addition, the combination of 
offset photodiodes and a coincidence detector provides 
automatic compensation of skew. ‘These features are 
now incorporated in a_ packaged control system 
specifically designed for shear line use. 


Operation 

The DA 214 control is capable of measuring sheet 
length to an accuracy of plus or minus 0.001 in. 
while compensating for skew of as much as plus ot 
minus § in. on a 44-in. long sheet. Sheets travelling 
on a flat conveyor at lineal speeds up to 800 ft per 
min, spaced at least 3 in. apart, can be measured. 
The flexible control can be equipped for visual indi- 
cation and digital printout and to furnish reject signals 


for sheet lengths greater or less than prescribed limits. 
Because the entire electronic circuit is digital, a high 
degree of stability is maintained. A block diagram 
of the control system is given in Figure | 

Five photodiodes act as sensing elements: three 
determine speed and length, and two determine skew 
'hese photodiodes are located as shown in Figure 2. 
Photodiodes 1 and 2 measure the speed of the leading 
edge of the sheet. Photodiodes 1 and 3 measure the 
variation of sheet length from set length L. Photo- 
diodes 4 and 5 sense the length error introduced by 
sheet skew. During the length of time between thc 
cutoff of diode 1 and then of diode 2 by the leading 
edge of the sheet, the output of a 1-ke oscillator is 
gated open. This allows a discrete number of pulses 
to pass, the number being proportional to the speed. 

If the sheet is exactly L in. long, the leading edge 
cuts off photodiode 3 at exactly the same moment 
as photodiode 1 is reenergized by the departure of 
the trailing edge. If the sheet is longer or shorter 
than L in., there is a time interval of coincidence 
during which both diodes 1 and 3 are on or off 
simultaneously. As long as such coincidence exists, 
a 1-Mc oscillator is gated open. The number of 
pulses that is allowed to pass is proportional to the 
variance in sheet length above or below the prescribed 
figure. ‘To find the true error in length, however, it is 
necessary to take speed into account. This is done by 
dividing the number of sheet-length error pulses bi 
the number of speed pulses, which vields the actual 
length error in thousandths of an inch. 

For an example, assume that the speed 100 ft 
per min and sheet length is L plus 0.008 in. Because 
the time required for 1 in. of travel is 50 millisec, photo 
diodes: 1 and 2 gate a total of 50 1-microsec pulses 
\t a speed of 100 ft per min, the sheet takes 40) 
microsec to travel 0.008 in. ‘Thus, as a result of the 
plus 0.008 in. error, there is a 400-microsec overlap 
between the triggering of diode 3 and the cutoff of 
diode 1. During the interval of overlap, a total of 
+00 1-microsec length error pulses are gated The 
counts of 400 and 50 stored in the register are now 
divided to yield the actual length error of 0.008 in. 
If sheet speed were 500 ft per min, the register counts 
would be 10 speed pulses and 80 error pulses. ‘These 
numbers, too, yield a quotient of 8, equivalent to the 
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FIG. 2. Location 
of photocells with 
respect to axis of travel 


FIG. 1. Block diagram of 
photoelectric length gage 
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0.00S-in. error in length. It is seen that error measure 
ment is independent of speed. 


Skew compensation 


When the axis of the sheet is parallel to the axis of 
convevor travel, the measured length error is equal to 
the actual error. However, if the sheet axis is at some 
angle @ from the conveyor axis, the measured error is 
larger than the true error by an amount designated 
as “skew error’, Figure 3. Skew error is mathemat- 
ically equal to L(sec 6-1). Unfortunately, this ex 
pression is a function not only of the angle of skew 
ind of basic length, but of length error as well. A 
quantity proportional to skew only and independent 
of length error is a tan @, which is easily found by 
measuring the time interval between the cutoff of 
diode 5 and the cutoff of diode 4. 

For certain values of a, the actual skew error L» 
sec 6-1) is practically equal to the measurable skew 
error a tan @ (within 0.001 in.). When L equals 44, a 
value of 0.37 in. is selected for a. In this case the 
measured skew error does not differ from true skew 
error by more than plus or minus 0.001 in. for lateral 
displacements (h) of plus or minus % in. When L is 
22 in., a value of 0.25 in. is assigned to a. In this 
case the limit for h is % in. if the measured skew error 
is to be held within plus or minus 0.001 in. of the 
actual skew error. 

he action of diodes 4 and 5 gates the output of 
a 1-Mc oscillator to produce a stream of pluses pro- 
portional to the magnitude of a tan 6. Here again 
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this measurement is dependent on the speed of travel 
of the sheet. Thus the number of gated pulses must 
be divided by the number of speed pulses to yield 
the true value of skew error. Finally, the measured 
length error and the measured skew error are added to 
give the full deviation from the set length L. 

The photodiodes used in this application have 
response times of 1 or 2 microsec. They are held in 
nucrometer-type mountings for easy and accurate adjust- 
ment of the a and L settings. Any error is visually 
displayed and retained as a four-line code for printout 
or control until the output circuits are reset by the 
next sheet. A reject signal is generated when the 
sheet length error exceeds plus or minus 0.005 in. 
I'he output signal operates and holds a reject relay 
for 0.03 sec. 


FIG. 3. Photocells 
sense position 
of skewed sheet 
h= Loteral 
displacement 


Axis of trovel 








— L (sec 8-1) 
Skew error 
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To the Engineer 


looking for a fast circuit seesaw 


If you’re in need of something better than a 
flip-flop that only partially transfers a circuit 
—something with a transit time of less than 
a millisecond—then you'll be delighted with 
AE’s Series PTW Polar Relay. This mag- 
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa- 
tory clock, and trigger on only a few mils 
from your available energy source. 


Substantially smaller than other polar relays, 

the PTW’s unique design virtually guaran- 

tees the high-speed switching of a single cir- 

cuit billions of times without readjustment! 

Its service records to date in telegraph and 
- 


teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs. 

Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you’d like to leave the 
switching to us—in which case we can take on 
the complete packaging and more than likely 
shave your costs. 

For full information on the PTW, ask for 
Circular 1821-E — and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS ay) 
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Wind Tunnel Interrupts 709 
For Fast Data Reduction 


A new high-speed data transmission system and 
the interrupt feature on the company’s IBM 709 
computer give McDonnell engineers reduced test 
data at their new polysonic wind tunnel in plotted 
form within 15 min after completion of a run. The 
engineers can thus determine if the projected test 
schedule should be changed before the next run. 
They may add to or change conditions set up for 
the next test, or they might even be able to cancel 
several proposed runs because they know that 
they already have the information sought. 

Operating costs on the polysonic wind tunnel 
(Mach 0.5 to Mach 5.0) run to nearly $600 per hour, 


’ 


alone to reduce tunnel “occupancy” time as much 
as possible for any one aircraft or space vehicle. 
It is much harder to put a dollars and cents figure 
on reduced development time, but the difference 
between winning a contract or seeing it go to a 
competitor sometimes hinges on submitting a com- 
pleted proposal in time. 

The data collected from transducers on the 
model under test are converted to digital form, 
transmitted to the computer more than two miles 
away, reduced, returned to the wind tunnel, and 
recorded—all virtually automatically. The follow- 
ing picture-caption story shows the equipment and 


and thus it would pay well from this standpoint procedures used in this high-speed data system. 


T. M. BELLAN, McDonnell Aircraft Corp. 


as 


McDonnell engineers William Becker (left) 
and Russell Cassidy check a graph plotted 
automatically by their new data reduction 
system. The magnetic tape on the table is 
used to transmit the test information to the 
709, and the punched cards and tabulated 
printer listing under the graph paper provide 
permanent records of the test for further 
analysis later if desired. The structure in the 
background is part of the new polysonic wind 
tunnel . The tunnel is of the blowdown type, 
in which compressed air stored in large out- 
side tanks is allowed to expand through the 
4x4x4 ft test section by opening a large 
valve. Mach number in the test section 
is controlled by the opening of the valve and 
the adjustment of a nozzle with plates 4 ft 
high by 15 ft long. A blow lasts from 100 
sec at Mach 0.5 to 10 sec at Mach 5.0. 


2. 


Analog data collected from pressure pick- 
ups, strain gages, thermocouples, and other 
transducers within the model under test in 
the wind tunnel are brought out through the 
sting on which the model is mounted and con- 
verted into digital signals by this Consolidated 
Electrodynamics MicroSADIC equipment and 
stored on magnetic tape. The tape is shown 
being removed from the MicroSADIC by Joseph 
Gianino, McDonnell’s data reduction super- 
visor, who will then notify the IBM 709 com- 
puter operator by telephone that wind tunnel 
test data are ready. The 709 operator hits the 
interrupt button on the computer, and what- 
ever is in progress is dumped onto a storage 
tape ‘to be finished later. (Continued) 
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Back at the wind tunnel, the incoming in- 
formation is plotted directly on six Electron’c 
Associates PACE Variplotters as six different 
segments of the reduced data. On a typica! 
force test, three forces and three moments are 
measured. The six plotters permit simultane- 
ous plotting for each of the parameters at a 
specific angle of attack. Since 300 points are 
often measured on a major long-run test (1,800 
components), mass plotting is a real timesaver. 
The plotting is the slowest part of the opero- 
tion and is done off-line as far as the computer 
is concerned. The 722 card punch in the back- 
ground cuts the data into punched cards. 


3. 


The MicroSADIC tape is placed on 
the 727 tape unit in the background 
and transmitted by this 9702 remote 
tape control unit over eight twisted 
pairs of direct wire lines to a 9701 
local tape control unit in the computer 
room, 12,200 ft away. By pressing the 
“transmit” button as shown, the tape 
runs as the 709 calls for it. 


4, 


At the computer room the: 709 
goes to work on the test data. Actual 
computer processing time for a wind 
tunnel test is 24 min at the most and 
usually much shorter. The computer 
produces two magnetic tapes at high 
speed and is then put immediately 
back to work on the interrupted prob- 
lem. One tape is read off-line into a 
720A printer to produce the printed 
tabulation of the reduced data for in- 


clusion in the engineering report on the 
test run. The other tape is immedi- 
ately retransmitted to the wind tunnel 
via the direct wire link. 





REPUBLIC VECTOR 
CONTROLLERS 

~ FEATURE 2 TO 500% 
PROPORTIONAL 

BAND ADJUSTMENT 


Rockwell-Built Republic vector controllers feature 
easy proportional band adjustment from 2 to 500%, an 
adjustable reset rate from 0.1 to 50 repeats per minute 
and less than 0.05% dead band. 


This is typical of the performance of Republic’s new 
Null-Balance-Vector line of pneumatic instruments 
which includes: 


e Temperature transmitters with a 10 to 1 range 
adjustment. 
Pressure transmitters of 0.5% accuracy, 0.1% 
sensitivity. 
Differential pressure transmitters with a 20 
to 1 range adjustment. 


Relays which extract square root down to 19% 
of output span. 


Multiplying, squaring, additive, totalizing, and 
ratio relays. 


Other instruments necessary for measuring, 
controlling, and computing variables for 
combustion and process industries. 


The span (‘‘K’’) of each Republic Null-Balance- Vector 
instrument can be easily varied by loosening the lock- 
screw and sliding the weighbeam assembly along the 
slot as shown in the schematic. Zero does not have to 
be reset and only a comparison reference is required. 

A common component, containing the ‘“‘K”’ adjust- 
ment as illustrated, is the base around which each 
Republic Null-Balance-Vector instrument is built. This 
common “heart’’ means that you have interchange- 
ability of parts—even among instruments performing 
different functions. Conversion and replacement parts 
can be pooled instead of stocking spare instruments for 
each control function. 

In addition, you benefit from simplified operating 
and maintenance training because the same principle of 
operation is used for all instruments. All Republic 
Vector instruments are compact, lightweight and rugged. 
The Republic Engineer in your area will be glad to 
work with you on any control or measurement applica- 
tion. Or, write for information to Republic Flow Meters 
Company, Subsidiary of Rockwell Manufacturing Com- 
pany, 2240 Diversey Parkway, Chicago 47, Illinois. In 
Canada: Republic Flow Meters Canada Ltd., Toronto. 
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This is the common component around which each 
Republic Null-Balance-Vector pneumatic instrument is 
built. This component contains the “K" adjustment. 


TYPICAL REPUBLIC 
NULL-BALANCE-VECTOR INSTRUMENTS 


VDP Differential 
VC Controller Pressure 
F Transmitter 
Common Pneumatic 
Component 
The Heart of Each 
Instrument 





Two-Line Hydraulic Diagrams 


* simplify synthesis and analysis of hydraulic systems 


* simplify mating of hydraulic and electric controls 


¢ simplify design layout and drafting 


GEORGE STELMACH 
Foundry and Mill Machinery Div. 
Blaw-Knox Co. 


‘The usual ways of representing hydraulic control 
systems (including the JIC Standards) depict the 
system elements pictorially rather than functionally. 
This is satisfactory for simple systems but makes 
synthesis and analysis difficult and drawing prepara- 
tion time consuming as systems get more complex. 
Similar problems would be encountered in electrical 
systems if the functional elements that make up the 
various control components were grouped in the elec- 
trical diagram as they are physically grouped on the 
components. 

As an alternate and improved approach the author 
suggests representing hydraulic systems by “two-line” 
hydraulic diagrams analogous to two-line electrical 
schematic diagrams, where in the hydraulic diagrams 
one line represents supply pressure and the other 
return to tank. This yields a hydraulic diagram that 
looks like an electrical schematic and requires the 
introduction of new symbols that display hydraulic 
control clements by their individual system function 
rather than assembled in conventional component 
configurations. The proposed symbols are defined 
in Figure 1. Note the similarity between the sym 
bols for normally open and norm: ally closed hydraulic 
ports and the usual symbols for normally open and 
normally closed electrical relay contacts. 

As hydraulic systems are called upon to perform 
an increased number of inter locking and logical con- 
trol functions, this new display technique will make 
it simpler to synthesize and analyze the systems. 
In particular it will be useful when electrical engi- 
neers, used to thinking in terms of electrical sche- 
matics, are called upon to mate electrical and hy 
draulic elements in multimedium control systems 
and when future developments bring forth more 
complex multiport, multistage, and multispool valves. 

Learning and making maximum use of this new 
display technique will require some reorientation. 
Five examples are given that contrast equivalent con 
ventional and two-line diagrams. The first four show 
the conversion from conventional hydraulic system 
diagrams to two-line diagrams, while the last example 
converts from two-line to conventional diagram. One 








FIG.1 THESE SYMBOLS ARE PROPOSED. THEY 
REPRESENT SYSTEM FUNCTIONS, NOT 
PIECES OF HARDWARE 


Mydraulic cylinder 


Head end 


Main hydraulic valve 
two position — no spring 


| 


Main hydreulic valve 
three posit on — spring return 


of valve 
two position 
single solenoic 


Pilot valve 
three position — spring returr 
double solenoid 


snterbdalance vaive 
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important rule is obvious from these examples: the 
number of ports required to represent each valve in 
the form of a two-line diagram is equal to the num- 
ber of “directions” of the valve, expressed in con- 
ventional symbols by the number of directional ar- 
rows. Thus a four-way valve requires four port sym- 


bols on a two-line diagram. he tandem-center 
valve in Figure 5 is considered to be a five-direction 
valve. ) ; 

Note that very similar symbols could be used to 
form two-line pneumatic diagrams, a likely step in 
view of the interest in pneumatic logic elements. 


FOUR EXAMPLES SHOW CONVERSION 
FROM CONVENTONAL TO TWO-LINE DIAGRAMS 





4 


I'he system shown in A consists of a cylinder 
and a single solenoid, two-position, direct 
operated, spring return valve. The supply 
port is blocked and the rod end of the 
cylinder is open to drain when solenoid 1S 
is deenergized. When 1S is energized, the 
piston moves up. In the two-line diagram 
of B the valve is split up into its functions 
of a normally open and normally closed 
port, each labeled by its actuating element, 
solenoid 1S. System function is identical, 
but note the ease of representation and 
understanding. The use of the new symbol 
in the electrical circuit diagram at the bot- 
tom clearly identifies the function of sole- 
noid 1S. 





A - Conventional symbols 


Return 


Supply 








3. 

In A is shown the conventional diagram for 
a system including a cylinder and a single 
solenoid, two-position, four-way, pilot oper- 
ated valve. When solenoid IS is energized, 
the piston moves to the right; when deener- 
gized, it moves to the left. The pilot stage 
is represented by two normally open and 
two normally closed ports, each labelled 1S 
since they are actuated by solenoid 1S. In 
turn the main valve is represented by four 
ports, each actuated by the pilot stage. Ener- 
gizing solenoid 1S actuates the 1S ports 
which energize the pilot stage to actuate the 
main valve 1V ports. As a general rule the 
direction of power flow through the main 
valve will agree with the direction of power 
flow in the cylinder as indicated by the 
arrows. This diagram looks as if it repre- 
sents a control relay driving a power relay. 
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5. 

This system is identical to that shown 
in Figure 4 except that this time the 
main valve is a tandem center, “five- 
way” valve. When neither solenoid is 
energized, the rod end of the cylinder 
is blocked by the two normally closed 
ports 1V1 and 1V2, and the head end 
of the cylinder is blocked by one nor- 
mally closed port with the double 
index 1V1-1V2. The double index in- 
dicates that this port will open when 
either 1S or 2S is energized. With 
both solenoids deenergized, supply 
connects directly to return through 
the two normally open ports 1V1 and 
1V2. This fairly complex hydraulic 
valving atrangement is easily visual- 
ized by means of the two-line diagram. 


4. 

Here the main valve is a four-way, 
three-position, spring centered, open 
center, pilot operated valve, while the 
pilot valve is a four-way, three-posi- 
tion, spring centered, double solenoid 
valve. The two-line diagram is similar 
to that of Figure 3. The principal 
difference is that the main valve is 
represented by four normally open 
ports characterizing its open-center 
nature, in that supply is open to re- 
turn whenever neither pilot solenoid 
is energized. The spring-loaded check 
valve maintains 65 psi supply pressure 
at all times so that pilot pressure is 
available. In addition, the centering 
springs are shown on the main valve 
and the double solenoids and center 
ing springs, on the pilot stage. 
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ONE EXAMPLE SHOWS CONVERSION 
FROM TWO-LINE TO CONVENTIONAL DIAGRAM 


6. 

This system, represented initially 
by a two-line diagram, consists of 
three hydraulic cylinders driven by 
a double pump unit. The double 
pressure, constant delivery pump 
was selected because the system 
is of the closed-center type. The 
large volume, low pressure pump 
(LV) is controlled by an unloading 
valve and provides fast cylinder 
motion during active portions of 
the cycle, while the small volume, 
high pressure pump (SV) is con- 
trolled by a relief valve and acts 
to minimize heat generation dur- 
ing holding portions of the cycle. 
The conventional valve types are 
recognizable from the two-line dia- 
gram. The four normally closed 
ports of valve 1V indicate that this 
is a four-way, three-position, closed 
center unit. The diagonally op- 
posed normally open and normally 
closed ports of 2V identify it as a 
two-position, four-way valve. The 
two normally closed ports on the 
supply side and two normally open 
ports on the return side of 3V 
show it to be a four-way, three 
position valve with both ends of 
the cylinder connected to the re- 
turn in the center position. The 
conventional diagrams show the 
same valve functions except that 
the interconnecting hydraulic lines 
are omitted for simplicity. 
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The new Taylor 210T TRANSCOPE® Transmitter is Other features of the 210T TRANSCOPE 
only 7’ x 9” x 4”. Yet you can read the big 1134”- Transmitter include the weatherproof 
long scale up to 35 feet away. New tape drive or “case which is split diagonally to make 
with optional servo-driven indication, these low- 7. adjustments easily accessible. Single 
cost, motion-balance pneumatic transmitters have "| package pneumatics, encapsulated 
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ample power for process alarms, di- 
gital encoders, potentiometers and 
othér auxiliary functions — with no 


movements and actuating element are 
easily removed and replaced for on- 
the-job maintenance. Designed for 


loss of accuracy. Transmitted signal Gage Pressure, Volumetric Pressure, Volumetric 
remains within 14% of the input sig- | Load and Temperature. Non-indicating model 
nal. Threshold sensitivity is 0.1%. (211T) also available. 


Ask your Taylor Field Engineer or write for Bulletin 98385. Taylor Instrument Companies, Rochester, N.Y., or Toronto, Ont. 


Taylor Lustruments MEAN ACCURACY FIRST 
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FIG. 1. Manufacturing machine has mul 
tiple tool head (at left) milling spindle (in 
rear) and turret drilling spindle (at right 

Hughes has now replaced the drill turret 
with a fourteen tool boring spindle. Tape 
control and clectronic logic units are im 
cabinets at far left 


i 


i 


bare oe 


FIG. 2. Closeup of machining heads with 


nanual input pedestal in foreground 


Three-Axis Tape Control Runs 


Manufacturing Machine 


MICHAEL MURPHY 
McGraw-Hill News 


Numerical control directs a 
new, unusual three-headed 
machine tool that can mill, drill, 
ream, tap, and bore. 
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Ihe machine tool pictured above represents the 
newest concept in metalworking: it is a manufactur 
ing machine, numerically controlled, with three ma 
chining heads so it can mill, drill, ream, tap, and 
bore. Called the MT-3 Machining Center by its 
designer Hughes Aircraft Co., Industrial Systems 
Div., it has a punched tape, three-axis control system 
to direct a two-axis positioning table and three travel- 
ing spindles (one in each machining head). 

In its initial configuration the flexible MT-3 sys- 
tem clusters three traveling machining heads about 
a single automatic indexing and positioning table. 
The first head is the most flexible because it contains 
an automatic tool changer system that holds up to 
30 tools and can change tools in 3 sec. ‘The second 
head has an 8-in. diameter capacity milling spindle 
for heavy milling cuts over a 24-in. horizontal travel. 
In the third head is a 6-in. capacity spindle for pre 
cision boring operations. An automatic tool chang- 
ing magazine holds 14 pre-set boring bars. 

The control directs all three head motions through 
two logic units (Figure 3): an electronic working 





storage and a relay working storage. Electronic 
working storage monitors movement of the two-axis 
positioning table and three traveling spindles. Di- 
mensional information is received from a_ buffer 
circuit and compared with incremental positioning 
and velocity feedback data from the hydraulically 
powered machine tool. 

The relay working storage routes all auxihary data 
to the machine tool including automatic spindle 
selection, automatic tool selection and tool change, 
and spindle feeds and speeds. Positioning and stop 
signals from the electronic working storage are trans- 
mitted through the relay working storage to a hy- 
draulic servosystem. 

Each axis control contains two registers. The 
buffer register receives information from the tape 
reader. Upon command, the information is trans- 
ferred from the first register to a working register. 
The dual units make possible extremely flexible axis 
movement including a capid initial approach to a 
desired position, a slower speed approaching coinci- 
dence, and a final creep stage to target. The 
counters also provide visual readout for maintenance 
purposes. 

Positioning information is fed back to the elec- 
tronic working storage by electromagnetic trans- 
ducers attached to recirculating ball leadscrews, Fig- 
ure 4. As a small spiral gear affixed to the leadscrew 
revolves in the transducer, a stationary, variable re 
luctance type of pickup senses the air gap and no-air 
gap created by each land and groove of the spinning 
gear. A second similar pickup supplies directional 
information, and a tachometer provides velocity 
feedback information. 

Tool storage on the most flexible head of the 
machine is provided by a rotating magazine equipped 
with 30 tool holding pockets. The tool magazine 
holds tools up to 34 in. in diameter. Each pocket 
is identified by a binary code that is pre-set on 


mechanical cams. ‘Tool selection is accomplished 
by tape commands that position the rotating maga 
zine so that the tool may be lifted from storage and 
inserted into the ready spindle. A _hydraulically- 
operated ram moves the tool. In a similar manner, 
tools are removed from the ready spindle and re- 
turned to the magazine. Tool search is conducted 
in parallel with machining operations. At the end 
of an operation, the dual spindle mount rotates 180 
degrees in three seconds to bring the new tool into 
working position. 

In other words, the tool moves first from the tool 
magazine to a ready spindle, and then is rotated 
into cutting position. 

The change is fast enough, says MT-3 Project 
Engineer Gene Rector, to allow multiple operations 
at a single location. For example, drilling and 
reaming operations can be performed on a series of 
holes by retating the dual spindle at each location, 
rather than by drilling afl the holes and then ream 
ing all of them. This serves to improve the accuracy 
as well as reducing the total cycle time 

Because unidentified tools are inserted into pre- 
selected coded tool pockets, the Hughes system does 
not need a large inventory of coded tool holders. 

Hughes powers its multipurpose number one head 
with a 5-hp spindle drive through a speed range of 
40-4,000 rpm in 28 steps. Feed speeds range from 
1 to 75 in. per min in 31 steps. The head has a 
maximum travel range of 19 in., a rapid traverse rate 
of 150 ft per min. 

The heavy milling head is driven by a 10-hp 
spindle drive through a speed range of 60 to 2,400 
rpm in 28 steps. Its horizontal travel range is 24 
in. A 15-hp spindle drive also powers the precision 
boring head, but through a speed range of 100 to 
3,000 rpm in 21 steps. This head has a 19-in. maxi 
mum travel range and a traverse of 75 ft per min. 

Mounted atop the positioning slide, the machine’s 


FIG. 3. 

Diagram of controls for three 
machining heads. Tape and man 
ual instructions feed two logic 
units. Electronic working storage 
monitors movements; relay work- 
ing storage routes auxiliary data 
to the tool. 
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rapid indexing table permits two directional 180- 
deg part rotation in 16 steps of 30 and 45 deg. The 
positioning table has a 24in. traverse and 12-in. 
vertical travel range. 

In addition to rapid traverse rates, the positioning 
slide and table can both be moved under feed-rate 
control with the same ranges of one to 75 in. per 
min. This provides the added capability of milling 
with vertical feed of the work piece; machining 
slots; or performing any operation with milling cut- 
ters performing with milling cutters any operation 
that can be done by movement in any one of the 
three orthoganal axes. System resolution is 0.00] 
in.; overall accuracy is plus or minus 0.0008 in. with 
a repeatability of plus or minus 0.0003 in. 


Designed for job shops 


Behind the MT-3 system is Hughes’ belief “that 
a truly versatile, efficient, manufacturing machine 
cannot be designed around a single spindle concept.” 

This is why Hughes decided to design separate 
heavy milling and precision boring heads. “Since 
the system has been designed primarily for job shop 
operation, beefing up a single spindle machine, sim- 
ply to handle larger milling and boring cuts, turns 
away many job lot manufacturers who don’t need 
this increased capability,” says Hughes Sales Man- 
ager George Kinny. 

The MT-3 concept is a direct outgrowth of an 
earlier, ill-fated Hughes venture into machine tool 
control. In the spring of 1958, in a joint effort with 
machine tool builder Kearney & Trecker, Hughes 
applied a “Digitape” punched tape control system 
to a line of three different K&T machine tools—a 
milling machine, a drilling machine, and a boring 
machine—interconnected by an automatic transfer 
mechanism. The line could be programmed to 
perform successive machining operations on a single 
part or machine several parts simultaneously. Al- 
though the system was a superb engineering break- 
through, it turned out to be difficult to market 
because of the high price of the machine tool line— 
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FIG. 4. Positioning system. Position 
data is fed back to the electronic 
working storage by electromagnetic 
transducers 


approximately $125,000 per machine. And fabrica- 
tors were reluctant to commit their manufacturing 
operations to a single automatic line. The transfer 
line is in use today in the Hughes E] Segundo 
Manufacturing facility. The company claims the 
line—the only numerically controlled transfer line 
ever built—has paid for itself out of savings. 

Kearney & Trecker, in further efforts of its own, 
modified the system, and came up with the phenom- 
enally successful Milwaukee-Matic “manufacturing 
machine” (CtE, March ’59, p. 27). Now, Hughes 
with its revitalized approach hopes for similar suc- 
cess with the MT-3 “machining center’. 

As a starter Hughes plans to offer three different 
combinations. It will package a single head machine, 
complete with a 30-tool storage magazine and a 
high speed automatic tool changer, for $127,000. 
The two-headed machine, with the heavy milling 
capability added, will sell for $135,000. A complete 
three-head system, which includes the heavy boring 
spindle, is priced at $155,000. 

Chief marketing targets for the manufacturing 
type machines are job lot manufacturing concerns 
—the tools are definitely not tailored to mass pro- 
duction industries. Typical prospects for these nu- 
merically controlled centers include the aircraft and 
missile industry, the machine tool industry, special 
machinery builders, and control makers. 

Prime parts to be machined on the MT-3, ac- 
cording to Hughes, would normally have three or 
more holes to be drilled and one or more surfaces 
to be milled. Biggest savings come from reduced 
tooling cost, higher tool engagement time, and 
optimization of the machining process. 

A West German machine tool builder, Berkhard 
and Weber KG built the first machine to accommo- 
date a workpiece up to a 12-in. cube. It can actually 
accommodate work 12 x 12 x 24 in. Next models 
will be able to handle an 18-in. cube. Hughes has 
no plans to build the machine itself. The company 
will soon ask American tool builders to bid on MT-3 
hardware contracts. It wants a good multiple source 
if MT-3 orders materialize faster than expected. 
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people 


“Essentially, this corporation will be 
people—people of the highest quality. 
The United States Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 
environment.” 

SECRETARY OF THE AIR FORCE 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Ailen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


A new and vital force 


of 


EROSPACE 
CORPORATION 


are creating a climate conducive 


to significant scientific achievement 


vice president and general manager, 
laboratories division. 

These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security. 


The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 


Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams—offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 


Immediate opportunities exist for: 


© WEAPONS SYSTEM PROJECT 
DIRECTOR 


¢ SENIOR SCIENTISTS/ SUPERVISORS: 
Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 
¢ SENIOR PHYSICISTS: 
Nuclear Propulsion 
Energy Conversion 
Solid State 


Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 


Mr. James M. Benning, Room 124 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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yas Diodes Indicate 
and Remember 


GLEN W. KREBS, Assembly Products, Inc. 


A pressure monitoring system cur- 
rently being installed is based upon 
an interesting dual use of a simple 
cold cathode gas diode as an indicator 
and data storage device. Since the 
completed system requires that almost 
700 points be measured, a scanning 
technique had to be employed to keep 
down the number of measuring cir- 
cuits because of their cost. In this sys- 
tem 25 monitoring panels capable of 
measuring 30 points each and costing 
slightly more than $2,000 each will be 
installed in various locations. Each 
point is scanned once every 5 sec. 

Each monitoring panel, Figure 1, 
includes a scanning commutator, a 
measuring bridge circuit with two high 
and low contact meter relays, and a 
4 x 30 matrix of cold cathode gas 
diodes. Pressure measurements are 
brought into the monitoring panel by 
low cost telephone lines from remote 
points. ‘The monitoring panel indi 
cates and alarms for four abnormal 
conditions at each point: high pres- 
sure, low pressure, telephone line 
open, and telephone line shorted. 
Once a fault is indicated on any scan, 
the gas diode indicates it continuously 


until it is reset by the operator. 
Figure 2 is a simplified diagram of 


ithe monitor system. The only equip 


ment at each remote measuring point 
is two pressure limit switches, each 
shunted by a resistor. The resistors 
is two pressure limit switches, each 
pressure limit switch is normally open 
and the low pressure switch is not 
mally closed. <A third resistor in series 
makes the total resistance 25,000 ohms 
when the pressure is high, 50,000 
ohms when it is normal, and 75,000 
ohms when it is low. 

The ‘resistance network at each 
measuring point is made part of the 
measuring bridge at the monitoring 
panel once during each revolution of 
the commutator. The bridge is bal- 
anced for the normal resistance of 
50,000 ohms and supplies no voltage 
to the two series-connected zero-center 
relay meters. If the bridge is un- 
balanced by a high or low pressure 
or bv a shorted or open telephone 
line, then one of the two relay meters 
will make a contact to operate one 
of the four load relays. This will fire 
one of the gas diodes to indicate the 
fault and will also sound an alarm. 
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FIG. 2. Simplified diagram shows how resistance-type measuring circuits are scanned simultaneous! 
with matrix of gas diodes. Meter relays operate load relays that inhibit firing of diodes 
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IDEAS AT WORK 


FIG. 1 ( ring panel scans and 
3 remote points. Cold 


cathode gas diodes act as fault indication and 


ures pr 


once fired remain on until reset by operator 


lhe pointer of the high and low 
pressure indicating relay meter moves 
a short distance either way from cen 
ter to make its contacts. The pointer 
on the short or open indicating relay 
meter must move farther. To pre- 
vent a false indication of high or low 
pressure when there is a short or open 
line condition, the pressure indicating 
pncter pointer 1s damped to move 
much more slowly than the Hne con- 
dition meter pointer. Thus if the 
resistance change is great enough to 
indicate a line fault, the fast moving 
pointer will make its contact. before 
the pressure indicating relay can give 
a false indication. To prevent a 
double indication in this case, back 
contacts on the short or open load re- 
lays operate to shunt the load contacts 
on the high and low relays respec- 
tively. If the resistance change is 
small enough to indicate high or low 
pressure only, contact on the second 
meter is not possible. 

Figure 3 shows the circuit used for 
each cold cathode gas diode in the 
matrix. The load relay contact is 
normally closed as shown. If the 
memory diode is not conducting, the 
highest voltage that can appear at its 
anode is the holding voltage (+) be- 
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iustrated: 40 Pound Thrust Motor Assembly 
(one-third actual size) 


1. Squib Valve, 2. Tank-Pressure Section, 
3. Tank-Fuel Section, 4. Solenoid Valve, 
5. Decomp Chamber, 6. Nozzle. 





REACTION CONTROL SYSTEMS BY KIDDE 
are highly reliable, now in production. Today 
being used on the NASA Scout, Air Force Thor, 
and the Air Force HETS, they are low in cost, 
light in weight, highest in performance. Kidde 
systems use mono-propellant, bi-propellant, cold 
gas, or solid fuels. Thrust motors from 2 to 600 


pounds. For repeatability, response, and reliability 


in reaction control equipment, Kidde can serve 
you best! Write to Kidde today outlining your 
reaction control requirements. 


=— 


Kidde Aero-Space Division 


Walter Kidde & Company, Inc., 1217 Main St., Belleville 9, New Jersey 
Walter Kidde-Pacific, Van Nuys, California * Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
District Sales Engineering Offices: Dallas, Texas * Dayton, Ohio »* St. Louis, Mo. * San Diego, Calif * Seattle, Wash. * Van Nuys, Calif. * Washington, D. 6. 
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cause the clamping diode D, conducts 
as the voltage tries to rise higher 
when the commutating switch is 
closed. But if the load relay contact 
is opened by a fault indication, the 
voltage at the anode can rise toward 
the firing voltage supply (+ +) and 


the memory diode will turn on. When 
the memory diode is conducting it is 
held on by the holding voltage (+) 
through diode D, and the resistor, and 
it can only be extinguished by depress- 
ing the reset button to remove the 
hold voltage. 


Commutating 
switch 


Lood reloy 
contoct 








FIG. 3. Circuit used for each gas 
diode in matrix of Figure 2. 


Three Magnets Make Simple 


Linear to Rotary Converter 


JOHN J. DIETZ 
Thomas A. Edison Industries, 
McGraw-Edison Co. 


Figure 1 shows how three small 
disce-shaped permanent magnets can 
be used to construct a direct reading 
pressure transducer. The magnets 
are charged diagonally across their 
faces as shown. Magnet A is fixed so 
that it cannot move. Magnet B is 
moved by the pressure sensitive bel- 
lows and can translate only along the 
axis x—x’. Magnet C is bearing 
mounted to rotate about x—x’ but can- 
not translate. 

If the poles of magnets A and B 
are displaced at a fixed angle of 180 
deg, magnet C will find an angular 
position somewhere in between that 
depends upon its axial position in the 
space between magnets A and B. Thus 
magnet C will rotate about x—x’ as 
the distance ds varies with bellows 
displacement. 

Figure 2 shows the empirical rela- 
tionship between the angular position 
of the rotor magnet C and the dis- 
placement of magnet B for the ex- 
perimental device shown in Figure 3. 
For these tests the distance between 
A and C was fixed at 0.018 in., and 
ds was varied between 0.002 and 
0.028 in. The test rig was not opti- 
mized and employed three Alnico II 
magnets each § in. in diameter and 
4 in. thick. The assembly produced 
a torque of 14 gm-cm at 100 deg of 
rotation. Considering the 9-gm weight 
of the rotor assembly C, the torque 
to weight ratio of 1.5 gm-cm per gm 
indicates excellent instrument sensi- 
tivity with the magnet spacings stated. 

As might be expected, d@/ds is max- 
imum when the rotor is centered be- 
tween the end magnets and the mid- 
range linearity is quite good. Other 
magnet spacings produce similar re- 
sults, and d6/ds varied inversely with 
the gap size. Higher values of dé/ds 
can be produced by coupling the two 
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end magnets and translating them 
simultaneously with respect to the 
rotor. An interesting test conducted 
on the model has shown that angular 
rotations beyond 180 deg are possible, 
but linearity decreases and the system 
becomes unstable at around 250 deg. 
Possible applications 

The motion converter described has 
a number of practical possibilities: 

e High accuracy pressure indicating 
instruments based on the principle of 
Figure 1, with a means added for 


ndicotor 
scale for 
rotation of 


FIG. 1. Changing magnetic field distribu 
tion as spacing between magnets A and B 
varies causes magnet C to rotate in this 
simple linear to rotary motion converter 


FIG. 2 


Linearity of linear to rotary mo 


damping the rotor. 

¢ In its more generalized form, with 
both end magnets driven axially by 
bellows on diaphragm, as a simple 
servo null detector. 

e Direct reading surface tempera- 
ture indicators; both end magnets are 
fixed but one is made of a temperature 
sensitive magnetic shunt material. 

Any of these instruments can be 
made into electrical transducers by 
having the rotor drive a small, low 
torque potentiometer. 











tion conversion 1S quite good in 


mid-range. 


FIG. 3 

Test rig from which 
experimental data 
were taken. 





900-TIMES MAGNIFICATION-VERTICALLY 


....for detailed waveform analysis 
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£2000 CM. DYNAMIC SCALE LENGTH 
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MAIN CHARACTERISTICS 


3 Modes of Operation—as a conventional preamplifier, as a dif- 
ferential-input preamplifier, or as a calibrated differential com- 
parator. 

50-mv/cm Sensitivity—nine calibrated attenuation steps to 25 v/cm. 

Wide Passband—dc to 13 mc with Tektronix fast-rise scopes. 

£100-volt Dynamic Range—permits common-mode signals up 
to 100 volts to be applied to the unit without attenuation. 

40,000 to 1 Common-mode Rejection Ratio—allows measure- 
ment of differential signals less than 50 millivolts. 

Comparison Voltage Accuracy—within 0.25% on the +1-volt 
scale; within 0.20% on the +10-volt scale; within 0.15% on the 
+100-volt scale. 

Safety Feature—the Type Z eliminates ‘floating oscilloscope” 
operation. 

AC and DC VTVM-extends oscilloscope accuracy in both ac 
and dc voltage measurements to 0.2%. 


Price, Type Z Plug-in Unit, f.o.b. factory. ........ $525 


TEKTRONIX FIELD OFFICES: Ai: 
enver * Detroit (Lathrup Village 
Calif) + Minneag 
yhkeepsie, N.Y. « San Diego, Calif. « San Frar Palo Alt 
TEKTRONIX ENGINEERING REPRESENTATIVES: Haw: 


In Europe please write Tektronix Inc., Victoria Ave 
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la COMPARISON VOLTAGE 





van. ATTEN. 
ANCE 


Vertical Expansion 
500 Times 


Horizontal Expansion 
500 Times 


Vertical Horizontal 
50 mv/cm 





10 wsecicm 








Vertical Horizonta 





25 vicm 5 ms/cm 
Vc=0 


Horizontal as 
10 usecicm 


New differential plug-in preamplifier rejects up 
to 100 v of an input signal . . . accepts 100-v 
waveforms for oscilloscope display at 50-mv/cm 
sensitivity . . . provides an equivalent vertical 
scale length of +2000 centimeters. 


You can now display small segments of large waveforms 
at maximum oscilloscope sensitivity, with vertical expansion 
equivalent to as much as 500 times. You can select magnified 
‘“‘window”’ displays of all portions of a waveform, and make 
amplitude measurements with a degree of accuracy that closely 
approaches the possibilities of digital techniques. The flexi- 
bility and simplicity of the analog (oscilloscope) presentation 
is retained for accurate analyses of complex waveforms. 


The new Type Z Plug-In Unit is a triple-purpose device, 
acting also as a conventional preamplifier and a differential- 
input preamplifier. It can be used in all Tektronix Type 530, 
540, 550, and *580 Series Oscilloscopes. Ask your Tektronix 
Field Engineer to demonstrate the dynamic range, waveform 
resolution, and amplitude accuracy of the Type Z in your 
application. 


*with Type 81 Adapter. 


Tektronix, Inc. 


P.O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 31% © Cable: TEKTRONIX 


y C.l for the address of the Tektronix Representativ 
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Simulation OKs C-Stellarator 
Power Supply Control System 


J. R. HURLEY 
\llis‘Chalmers Mfg. Co. 


The C-Stellarator is a large scale 
experiment designed to investigate 
hydrogen fusion processes and the 
properties of high temperature plas- 
mas. Ionized gas or plasma at tem- 
peratures up to 100 million deg K 
will be confined in a racetrack-shaped 
tube by an axial magnetic field. The 
field coils require accurately controlled 
direct current up to 44,600 amp at 
3,000 volts. High current densities are 
necessarv in the coil conductors be- 
cause intense magnetic fields are re- 
quired to confine the plasma. Inter 
mittent pulsed operation is therefore 
employed to prevent thermal damage 
to the water cooled windings. 

The control system must regulate 
the current to plus or minus | per- 
cent. Basically the main loop of the 
control svstem consists of a compara- 
tor and two cascaded magnetic ampli- 
fiers driving an exciter which in turn 
controls the generators, Figure 1. 

The confining field coil is powered 
by eight generators, each of which has 
its individual magnetic preamplifier, 
powcr amplifier, and exciter. A com 
mon comparator drives the eight pre- 
amplifiers. 

During the time between pulses, the 
de power supply must control the 
current to less than 100 amp per gen- 
erator. The residual voltage of the 
gencrator and the switching effect of 
the transductor tend to make the zero 
current regulation difficult. 

\ high-gain control system will 
minimize the effects of the dc ma- 
chine residuals, but the transductor 
switching could introduce oscillations 
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FIG. 1. Simplified diagram 
of control system for C — 
Stellarator power supply 
I'ransductor used for feed 
back is bistable magnetic 
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ing characteristic at low coil 
currents as in Figure 2. 
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exceeding the amplitude allowable. 

A transductor is a de current trans- 
former in which the output current is 
inherently proportional to the magni- 
tude of the current being measured. A 
transductor therefore normally has a 
V-type input-output characteristic. A 
saturated transistor flip-flop discrimi- 
nator is used with the transductor on 
the C-Stellarator which switches over 
near zero bus current and makes it pos- 
sible to get the push-pull action shown 
from a single transductor. The dis- 
criminator is actually responsible for 
the switching dead space in Figure 2. 

The output signal of the transduc- 
tor thus cannot represent currents 
lving in the dead range of minus 35 to 
plus 35 amp. When the measured 
current lies within this range, the out 
put corresponds to either plus 35 or 
minus 35 amp depending on whether 
the current entered the dead range 





{Transductore 


from the positive or the negative. 

The control system with several 
simplifving changes was simulated on 
a PACE electronic analog computer 
to determine if the accuracy require- 
ments could be met. Figure 3 shows 
the response of the simulated system 
to reference inputs corresponding to 
output currents of 60, 20 and 0 amp. 
Ihe response at 60 amp was smooth 
since the control point was outside the 
unstable range of the transductor. 
But oscillations occurred for the 20- 
amp control point. 

As the reference signal was de- 
creased to zero, the frequency of the 
oscillation increased and the waveform 
of the oscillations gradually become 
symmetrical. The maximum ampli- 
tude of oscillation was less than 50 
amp for operation in this region, so 
the simulation checks out the control 
svstem design. 
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FIG. 2. Switching characteristic transductor which FIG. 3. Simulation of system in Figure 1 show 


instability for small currents, 
raised question on stability of system in Figure 1 


but oscillation amplitudes were within idling current limits of power generators 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





FREEZING A MOLTEN WILL-O’-THE-WISP (to +%° at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +14° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 
parts, and only one vacuum tube device in the 


entire system! An integral part of the CPM-1 
unit is a CONTROL Proportioning Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,” 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the proportioning 
reactor’s 2-milliampere windings, there were no 
more questions. However, we'll be happy to an- 
swer any you may have. 


Figure 1. Hagon CPM-1 Temperature Controllers. Square Boxes are CONTROL Proportioning Reactors. 


ON YOUR BOBBIN, RESET, GO! 


TRANSFORMER 





HAGAN CPM-1 
TEMPERATURE 
CONTROLLER 


Figure 2. Schematic Diagram of Fiber 
Glass Furnace Temperature Control. 


Fiber glass is pulled through a die in the bottom of a 
“bath tub” of molten glass at more than 3 miles per 
minute. It is wound on a bobbin, and when a “‘package’”’ 
is completed, the operator has 15 seconds to change 
bobbins and restart the operation. There is as much as 
a 15° temperature upset in the system, yet when the 
winder restarts, the controller must reset the tempera- 
ture at 2200° within +14° in the allotted 15 seconds. The 
CONTROL reactor puts out 100 watts at 80 volts, sufficient 
power to drive the saturable reactor ahead of it, and is 
at the instant beck and call of rapid and minute changes 
in signal. The response of the overall Hagan system is 
better than 0.1 seconds at full output. When the first 
tests were run, accuracy of control was found to be even 
better than the +14° anticipated. Should you wish to 
learn more about these satisfactions with static control 
via our proportioning reactors, we'll be happy to answer 
your request for intimate details. 


STATIC CONTROL: (flexible and standard) 


The function CONTROL Proportioning Reactors play in 
a system (the Hagan Temperature Controller is a tell- 
ing example) is unique. The designer—for process con- 
trol, for machine tool control, for assembly line control, 
for almost any control—can feed a variety of input sig- 
nals into several isolated control windings in each pro- 
portioning reactor, and sum them to provide an ampli- 
fied control signal. The reactor’s figure of merit (ratio 


Reliability begins with Cx 
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of volt-ampere amplification to time of response) is 
exceptional. It is as high as 1,500 for an N,,?/R, of 1,800. 
Thus, there is both power and sensitivity for the de- 
signer who works with static control. Want to know who 
else among the nation’s leaders have joined production- 
smart Pittsburgh Plate Glass in the swing to static 
control? We'll be happy to tell you—and to help with your 
static control ideas. 


_ ae ° 


A DIVIS!ON OF MAGNETIiCS 


INC. 


DEPT. CE-79, BUTLER, PENNSYLVANIA 
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A Unique Analog Analyzer 
for Nonlinear Systems 


WILLIAM H. ALLISTON 
Bettis Atomic Power Div., 
Westinghouse Electric Corp. 


The describing function method is 
popular for analysis of nonlinear sys- 
tems. In general it assumes that the 
nonlinear transfer function is separable 
into two parts: a nonlinear part which 
is real and dependent on the signal 
amplitude only and a linear, frequency 
dependent part. The assumption is 
usually valid in cases where the linear 
part of the system attenuates the har- 
monics generated in the nonlinear part 
enough to make them small compared 
to the fundamental. The describing 
function method measures the ampli- 
tude and phase of the fundamental 
component in the output with refer- 
ence to the input sinusoid. 

A nonlinear system analyzer has 
been developed which makes these 
measurements automatically for a 
wide range of frequencies and input 
amplitudes by solving for the coefh- 
cients of the fundamental terms in the 
Fourier expressions of the in-phase 
and quadrature components of the 
output waveform: 


1 or 
f E, sin ot det (1) 
1 r 
and B, = = f EF, cos wl dat (2) 


The analyzer produces de outputs pro- 
portional to these coefficients for in- 
put to the two axes of an automatic 
X-Y plotter. The result is a polar plot 
of amplitude at various phase angles, 
frequency varying along the locus. 

Figure 1 is a block diagram of the 
analyzer, which was built of standard 
analog computer components except 
for the controller which times the in- 
tegration. The analyzer solves Equa- 
tions 1 and 2 simultaneously. The 
sine-cosine wave generator must sup- 
ply two sine waves which are 90 deg 
apart in phase over a frequency range 
of, say, 0.001 to 20 cps. Several meth- 
ods are available for generating these 
sine waves: the zero-damped-system 
analog oscillator was used in the in- 
itial model of the analyzer because of 
its simplicity. This oscillator is sub- 
ject to some drift, although it can be 
stabilized. No stabilization was used, 
however. 

The analyzer has two operating 
modes: continuous and discontinuous. 
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Continuous operation is desirable be- 
cause it provides a continuous plot. 
But a disadvantage is that no mark is 
made to identify frequency points on 
the plot. Also, since the analyzer was 
intended to operate with actual con- 
trol systems which might involve fre- 
quencies as low as 0.01 cps, the inte- 
grating circuit must have a very long 
time constant. This leads to imprac- 
tical slowness of operation in the low 
frequency range. Discontinuous oper- 
ation overcomes these difficulties. 

In the discontinuous mode the in- 
tegration is done over one cycle of the 
input frequency only. A special tim- 
ing circuit stops the integration. The 
integrator then holds whatever volt- 
age it has accumulated until it can be 
plotted. An automatic pen-drop cir- 
cuit makes the plot. The operator 
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must then reset the integrator, make 
whatever changes he wishes in the fre- 
qucuc, and amplitude of the input 
from the signal generator, wait for the 
system transients to die out, and then 
restart the integrator. 

As the frequency is increased, the 
integrators operate for a shorter and 
shorter time since one cycle of the 
frequency becomes shorter. The value 
of the integral would thus decrease 
with frequency, so compensation is 
provided by multiplying by a fre- 
quency proportional term before the 
integration. The equations also show 
the requirement for this multiplica- 
tion, although it is not necessary in 
the continuous mode due to the con- 
tinuous averaging process. 

The discontinuous mode requires a 
controller to start the integrators at 




















FIG. 1. Simplified diagram of analyzer for 
nonlinear systems to which application of 
describing function techniques is_ valid 


Analyzer plots system transfer function 








FIG. 2. Plot mad wy analyzer of simple lag 
transfer function shows accuracy by repeated 


runs at same amplitude and frequencies 





NOW...LOWER COST PER CONVERSION CHANNEL 


WITH LINK’S NEW HIGH SPEED PRECISION MULTIPLEX CONVERTER 


The Precision Multiplex Converter offers a high-speed voltage 

to digital conversion system that combines high speed 
performance with ultimate precision. This multi-channel Dialog* 
converter, with minimum physical dimensions, is completely 
transistorized to provide utmost reliability—a high-capacity 
multiplexer and conversion unit in one small package. 


Advanced design concepts of the Precision Multiplex Converter 
include: Automatic drift correction, solid state circuit design, 
integrated reference voltage supplies, incorporated visual 
display, no moving parts, high input impedance, unlimited 
modification possibilities, limited power requirements. 


Specifications of the Precision Multiplex Converter: 

* Input capacity from 1 to 500 channels + input voltage, 

0 to + 10 volts with higher voltages optional 

* conversion format 10 or 11 bits plus sign * conversion 

code—natural binary, binary coded decimal or 

excess three * conversion speed 5 us per bit, 60 ys 

per channel * accuracy .05% * output parallel or 

serial, automatic or on external command. 
Write to Dept. CE Dialog System Sales 
for specific details on the Precision 


Multiplex Converter and other Dialog 
* DIALOG (Link Digital—Analog Systems and Components) systems and components. 


Another Example of Link J ability 
LINK DIVISION D GENERAL PRECISION. INC. 


Binghamton, New York Other Divisions: GPL, Kearfott, Librascope, 
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the beginning of a cycle and stop 
them at the end of the cycle. A neon 
tube coincidence circuit performs this 
function, although a more accurate 
system such as a multiar- might be 
desirable in a final model of the ana- 
lyzer. Note that the firing point of 
the coincidence circuit is not criti- 
cal. It makes no difference when 
the integrators start and stop in the 
cycle as long as the operating time is 
equal to the period of the input wave. 

The neon tube timer operates by 
generating a positive pulse once dur- 


ing each cycle of the input sine wave. 
Unless biased beyond cutoff because 
the hold-operate switch is open, the 
first 2D21 thyratron fires to provide a 
positive voltage to the clamping cir- 
cuits and start the integrators. The 
firing of the first 2D21 also biases the 
grid of the second 2D21 so that the 
next pulse from the neon circuit will 
cause it to fire. This makes the clamp 
inputs negative again to stop the in- 
tegrators. The plate voltage on the 
second 2D21 actuates the pen-drop 
relay to record the voltages accumu- 


lated on the integrators. The 2D21’s 
cannot be fired again until plate volt- 
ages are momentarily removed. 

Figure 2 illustrates the accuracy ob- 
tained when the analyzer was applied 
to a simple lag network. The closely 
grouped sets of points are repeatea 
runs for the same amplitude and fre 
quency. The percentage error com- 
pared to the signal amplitude changes 
very little. Its accuracy is comparable 
with that of an analog computer simu- 
lation of most real control systems—on 
the order of a few percent. 


Two Stepping Motors Drive Tape 
In Versatile Transport 


The magnetic tape transport mech- 
ansims built by Redifon Ltd. (Sussex, 
England) for use with its RADIC 
(Redifon Analog-Digital Computing 
system) is designed around a novel 
dual stepping motor drive that per- 
mits many unusual applications. The 
basic tape transport mechanism and 
its control system are diagrammed in 
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igure 1. The machine uses 35-mm 
magnetic tape with sprocket holes—like 








7 motor 
Advance nada 


on Stepping cod 
motor L 


35-mm photographic film. It can han- 
dle up to 1,000 ft of tape on reels or 
a continuous loop up to 40 in. long. 

Conventional magnetic tape trans- 
ports move the tape continuously at a 
uniform speed. The stepping motors 
in the Redifon mechanism, however, 
move the tape only in discrete, inter- 
mittent steps. Speed reducing gears 
are used between the motors and the 
driving sprockets, and the system op- 
erates so that the tape starts quickly, 
advances at a nearly uniform speed 
during most of the step, and then 
stops quickly, as shown in Figure 2. 
Digital pulses are recorded or read 
only while the tape is being moved. 


recording 
or read out period 


of | 








shaft rotational 
position 








Time ——»> 


FIG. 2. Recording and reading is done 
only during time tape is being stepped. 


tape pulses 


Alternative 
pulse source pulse source 


FIG. 1. Unusual tape transport mech- 


anism uses stepping motors instead 


of continuous drive. 


igure 1 shows the digital data be 
ing supplied by a typewriter, but the 
input can come from almost any 
source (the RADIC system equip- 
ment includes an analog to digital 
converter so that analog inputs can be 
recorded as well). An operate pulse 
from the typewriter causes the step- 
ping motor to advance the tape at the 
same time the binary data is read out 
of the decimal to binary converter 
to the recording heads. At the con- 
clusion of the tape motion, a pulse is 
fed back to clear and reset the decimal 
to binary converter. Each channel 
corresponds to a binary bit-position 
(that &. 2 2, Lo wee Soe ee 
recording accuracy of | part in 10,000 
can be obtained. 

The provision of two separate step- 
ping motors for recording and reading 
permits a variable time delay between 
recording and reading. The actual de- 
lay time depends on the length of 
tape between the two heads (which is 
stored in a loop held taut by a spring 
loaded pulley) and the average speed 
of the tape between the heads. This 





Advance tape 


time delay can be constant or can be 
varied dynamically by making the 
pulse repetition frequency to one of 
the stepping motors different from 
that to the other motor. 

The maximum delay is limited (as 
suming continuous data recording) 
only by the physical capacity of the 
takeup mechanism for tape between 
the two sprocket wheels. The mini- 
mum delay (about 0.5 sec) is limited 
by the minimum separation between 
the recording and reading heads. 

Time multiplexing of several in- 
put channels is also simple by sam- 
pling the inputs sequentially with a 
commutating switch. The samples for 
each channel are thus recorded sequen- 
tially along the tape and repeated once 
for each revolution of the commutat- 
ing switch. 

Tape speed control signals can be 
generated by an internal variable-fre- 
quency pulse generator or can come 
from an external source. The use of 
external pulses permits mathematical 
integration with respect to variables 
independent of time. 
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Compact pancake d-c torquers in a 
wide range of sizes are now available 
for direct drive servo positioning in 
airborne, shipboard and ground 
service stabilization and tracking 
systems. 


Miniature, four-gimbaled, Mi lis-H i inertial navi- 
gation platform currently applied to both terrestrial and space 
guidance systems. All four gimbals are equipped with Inland 
torquers having a peak output at stall of 60 ounce-inches. 





of 1 fT 
'% 


Patented Inland features make possible powerful d-c 
torquers in compact pancake shape. More torque, with 
smaller size and lower power input. 


REPRESENTATIVE RANGE OF INLAND D-C TORQUE MOTORS 


POWER INPUT 
PEAK TORQUE FOR PEAK DIMENSIONS, INCHES 
TYPE AT STALL TORQUE 0.D. THICKNESS 
WATTS @ 25°C 


¥-1321 20 02.-in. 57 1.94 50 
T-2136 35 oz.-in. 42 2.81 63 
T-2108 60 0z.-in. 32 2.81 1.00 
T-2907 85 Ib.-ft. 79 3.73 1.09 
T-4006 1.8 lb.-ft. 100 5.13 1.25 
T-5106 2.7 Ib.-ft. 86 6.25 13 

T-5703 7.0 lb.-ft. 246 7.20 1.63 
T-720 - 11.0 Ib.-ft. 327 9.00 1.63 
T-8001 25 Ib.-ft. 925 10.50 2.63 
T-10001 35 Ib.-ft. 620 13.69 4.30 
T-10004 100 Ib.-ft. 1020 12.75 5.75 
T-18002 300 Ib.-ft. 1300 26.63 5.82 
T-18004 900 Ib.-ft. 4330 26.50 10.56 
T-36001 3000 Ib.-ft. 7400 45.0 10.25 


For complete data on these or other Inland d-c pancake torquers, address 
Dept. CE, Inland Motor Corporation of Virginia, Northampton, Massachusetts. 
Parabolic radar antenna on a three-axis pedestal mount P F i 
manufactured by Reeves Instrument Corporation for the INLAND AMPLIFIERS—Inland makes a complete line of amplifiers for systems duty with 


Philco Corporation. Direct drive motors for all three axes were Inland torquers, whether in airborne, shipboard, or ground service. Specification sheets 
provided by Inland. These range in output from 500 to 3000 Ib-ft. available on request. 


Factory: Radford, Virginia 
INLAND MOTOR 57°72 
OF VIRGINIA 
A SUBSIDIARY OF KOLLMORGEN CORPORATION 


NORTHAMPTON, MASS. 
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NEW IDEA IN A CONTROL DEVICE combines 
d‘Arsonval meter with precision pots. 


Based on a brand new idea in meter design, the instru 
ment shown here represents the first offering in CIC’s new (eter relay 
Metrol line. . Basic design of the device involves the coup- ’ é 
ling of an infinite resolution potentiometer to a d’Arsonval (right) with 
meter movement and the use of these elements with a high its movement 
gain amplifier to form a small, closed-loop servo. 

The resulting instrument has a number of unique and 
valuable characteristics. Accuracy, for example, no longer (below) 
depends on the uniformity of a magnetic field or hair- 
spring. Instead, it becomes strictly a function of the feed- 
back pot’s linearity. Use of precision carbon film pots 
produces meters that are accurate to within 0.1 percent 
of full scale. Another feature is its response; manufacturer 
claims the meter will follow an input signal whose fre- 
quency is greater than 20 cps over an excursion greater 
than 75 petcent of full scale. Since its pointer is locked 
in position by a functioning servosystem, the instrument 
can be subjected to a 10-g shock in any axis without visible 
pointer motion. For the same reason it can be mounted 
in any position without loss of accuracy or response. 


and circuitry 


Meter-relay application 


The accompanying photo, drawing, and circuit diagram 
illustrate a meter-relay configuration, the first commercial 
version of the instrument. The drawing just beneath the 
photo shows how the main pointer as well as the two limit 
indicators are coupled through collectors to the precision 
film pots. The electrical arrangement of these elements is 
shown in the circuit diagram. The output of the feedback 
pot is fed to two differential amplifiers where it is com- 
pared with the set voltages of the high and low limit pots. 
When in either of these amplifiers a zero-crossover is de- 
tected (i.e., when the signal pointer coincides with either 
of the limit indicators), the appropriate load relay is 
snapped in through a Schmitt trigger. Since limit sensing 
is strictly electronic, the pointer is free to move beyond the 
sct limits without loss of accuracy and without putting any 
load on the meter movement. In this application the in- 
strument has a repeatability of within 0.2 percent. 


Other applications 


Another feature of this instrument is its ability to use 
functionalized scales. Null indicators and ohmmeters are 
possible applications. With a nonlinear pot as its feed- 
back element, for example, the device would become a 
linear scale ohmmeter. Several other forms of the basic 
device are planned for release in the near future. Additional 
potentiometer elements coupled to the feedback pot permit 
the meter to act as a de synchro transmitter and receiver 
(with or without the scale and pointers). Combined with 
suitable thermocouples, the meter serves as a temperature 
controller. The basic unit, with contacts but without scale 
and pointers, becomes an excellent go/no-go comparator.— 
Computer Instruments Corp., Hempstead, N. Y. 

Circle No. 309 on reply card 
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Bendix vertical and directional gyros contribute to accuracy and 
dependability of guidance system on United States Air Force (Green) 
Quail air-launched decoy missile manufactured by McDonnell Aircraft. 


LIGHTWEIGHT, RELIABLE GYROS 
TO MEET TODAY’S RUGGED NEEDS 


THE BENDIX LINE FEATURES SIX GYRO TYPES 











FREE— CAGEABLE TWO-GYRO, THREE AXIS FREE—UNCAGEABLE 
@ Electrolytic switches for precise erection and long service life. 
© Operating life of 1000 hours. 
© The Two-Gyro Three Axis Control erection rate is os 1.3°/min. Other gyros 
shown have normal erection rate of 2°/min. with fast erection up to 120° /min. 
© Either or heed mounting. 


For fll details on Bendix Gyros for specific plications, write 
Eclipse Pioneer Divi by. ag 


Teterboro, N. J. 


SMe Oen Peron, ont bak? 
Export Sales & 
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NEW PRODUCTS 


SYSTEMS 


ADDITION TO LINE 


The new 1410 data processing system 
augments this manufacturer’s _ pre- 
viously announced 1401, providing 
greater speed and memory capacity— 
34 times as much, in fact. Character 
transfer time of the new system is 4.5 
microsec, and central processor can 
have up to 40,000 magnetic core mem- 
ory positions. Another special feature 
is second channel on which processing 
can be carried out independently from 
operations on first. Typical RAMAC 
1410 tape system would sell for $722.- 
300; monthly rental: $18,105.—Inter- 
national Business Machines Corp., 
Data Processing Div., White Plains, 
N. Y. 


Circle 310 on Reader Service Card 


DESK PROCESSOR 


Developed especially for business data 
processing, this desk sized E103 digi- 
tal computer is said to be the lowes! 
price general purpose computer on the 
market at $29,760; monthly lease is 
$875. Programs have been developed 
for the machine so that it can handle 
sales analysis, payroll, tax billing, etc. 
Features include magnetic drum mem- 
ory of 220 words (12 digits plus sign 
each) and external pinboard program- 
ming.—Burroughs, Corp., Detroit, 
Mich. 


Circle 311 on Reader Service Card 
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PROCESS REGULATORS 


Shown above is the pressure regulat- 
ing unit from a new line of electronic 
process regulators. Three models cover 
a range from 30 in. Hg to 5,000 psig. 
System consists of servovalve, elec- 
tronic controller/amplifier, and pres- 
sure transmitter. Error can be as low 
as 0.2-0.4 —— of transmitter range. 
Price: $650-1,7 Other regulators 
in the line are : flow, valve position, 
7 temperature. ~Physics for Indus- 
, Inc., Rochester, N. Y. 


Circle No. 312 on reply card 


COUNTS CONTAINERS 


The fully automatic electronic selector 
and counter shown installed above 
optically selects and counts up to 31 
different types of items for discharge 
and routing. Codes printed on con- 
tainers are recognized photoelectrically 
to actuate the counting unit and con- 
veyor switch.—Atronic Products, Inc., 
Bala-Cynwyd, Pa. 


Circle No. 313 on reply card 


TELEPHONED DATA 


Designed to operate with the Bell 
System’s Data-Phone 200, this Dial-o- 
Verter System makes possible the 
transmission and receipt of volumes of 
data to and from remote locations. 
The system is based on the manufac- 
turer's D599SR coupler, which forms 
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the interconnection between the Data- 
Phone and any common data media: 
paper or magnetic tape or punched 
cards. When transmitting, it uses a 
high speed tape or card reader; when 
receiving, a punch or tape recorder. 
Data are transmitted over telephone 
line at 1,500 words per min.—Digi- 
tronics Corp., Albertson, N. Y. 

Circle No. 314 on reply card 


DATA HANDLING 
& DISPLAY 


COMPARES 100,000 PER SEC 


Solid state circuitry is used in a new 
programmable comparator capable of 
comparing measurement numbers at 
rates as high as 100,000 per sec. Its 
maker says it is the only program- 
mable comparator made in the U.S. 
and is faster than any other available. 
Accepting input information, say digi- 
tal data from an analog to digital con- 
verter, the device compares it with 
present limits and answers in terms of 
“Go”, “No Go High”, or “No Go 
Lo”. Price: approximately $2,000.— 
Leach Corp., Compton, Calif. 

Circle No. 315 on reply card 


TWO-PEN RECORDER 


This new two-pen round chart record- 
er/controller is accurate to within 
£4 percent. An adaptation of an 
earlier single pen model, the new de- 
sign can be used almost anywhere in 
industry where two variables must be 
recorded on a single chart. Measure- 
ment circuits may be potentiometric, 
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Efficient compensating device for 
serve system error. 


The wee CP-20-A1 is a simple, —_— 
mechanical 


means of correcting an 
put data shaft in relation to oo 
servo loop errors, sensing errors, 
known environmental factors aff 
the system. Eliminates need for adj 
remotely placed or 
ts. Ask for full details. 


CONTROL 
TRANSFORMER 


Changes mechanical differential 
inputs to electrical outputs. 


Here is a corrosion-resistant unit that 
features a rotatable 


syatem circu. housing assem- 
bly is driven by as gear accessible 


slot ousing, thet 
‘y mechasienl aainennied te 
puts into electrical outputs. 


Manufacturers of 


GYROS + ROTATING COMPONENTS 
RADAR DEVICES + INSTRUMENTATION 
PACKAGED COMPONENTS 


ey 


Teterboro, N. J. 


CIRCLE 141 ON READER SERVICE CARD 141 





-~ 


AOTOM OVAZe 


This stepping motor, when suitably pulsed, has a torque output of 

1 inch-ounce, in steps that are never more, never less than 18°. Each 

one is produced by a half cycle or a current reversal. Consequently it is 
very useful for converting electrical numbers to mechanical numbers, and 
has been sold for this purpose for some time (the Sigma “Cyclonome’®). 


In the trick mirror is a servo motor which stops on command with perfect 
obedience, because it stops every little while anyway, delivering torque 
in 18° quanta. The 20-tooth ratchet sensation is produced by a fiercely 
discontinuous permanent magnet field, which develops going and 
stopping torques of 1 inch-ounce. 


So, here is a positioning servo motor which is synchronous and has a 
mechanical time constant of 4 cycle. Effective ratio of torque to inertia, 
with regard to coasting, is infinite—as long as these parameters are respected: 
inertia (gram-cm?) x (steps/sec.)? = 180,000, and 
steps/second = 300, assuming direct drive to mechanical load. 
(Otherwise, you have a synchronous motor of unspecified nature.) 


Since any reduction ratio is squareable (we wish it were cubable) a ratio 
of 10:1 permits an inertia of 200 gram-cm? to be driven at three-hundred 
1.8° steps per second. Useful torque is then 700 gram-cm. Think of it— 
6 inch-pounds per second, for only 10 or 15 watts. While there is a 
relation betweeni power and speed, there is no relation between torque and 
speed. Torque is proportional to input current (up to saturation), 

speed to input frequency. 


If you will write on your letterhead, you will receive an engineering 
bulletin describing the simple Cyclonome discussed above, as well as the 
reversible model. 


si Merry Christmas - Art Dept. 


Pas 
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SIGMA INSTRUMENTS, INC. 
69 Pearl Street, So. Braintree 85, Massachusetts 


An Affiliate of The Fisher-Pierce Co. (since 1939) 


CIRCLE 142 ON READER SERVICE CARD 





NEW PRODUCTS 


bridge-type, or both in combination. 
Zener diodes eliminate cells and offer 
voltage reference accurate to +£0.05 
percent. Minimum scale span is |] 
mv de. Response times are 4, 10, and 
24 sec full scale. Concentric scale 
length is 27.5 in. Pen speeds are 1, 
8, 12, or 24 hr or 7 days. Price: approx 
imately $1,500.—General Electric Co., 
Schenectady, N. Y. 


Circle No. 316 on reply card 











SEMIAUTOMATIC SENDER 


Developed for the Air Force’s weather 
information system but applicable to 
other rapid data transmission needs, 
the Telecode transmitter shown above 
sends 72-character messages semiau- 
tomatically. The messages are chosen 
by setting 72 movable character 
switches set side-by-side; each switch 
can be set at any of 52 alphabetic, 
numeric, or special Type D teletype 
code symbols. The message is visible 
in a panel on the transmitter’s front 
face. A push of a button or an inter- 
rogate signal from a receiving unit 
transmits the message that has been 
set up. A particular advantage is that 
the entuc message does not have to 
be reset to change just a few charac- 
ters. Price: about $7,000. Wang Lab- 
oratories, Inc., Natick, Mass. 

Circle No. 317 on reply card 


ANSWERS QUERIES 


This new electronic inquiry station 
displays in alphanumeric characters an- 
swers to questions put to a data proc- 
essing system. The station converts 
the reply into a video signal from the 
digital signals provided by a computer, 
punched cards, or paper or magnetic 
tape. Information appears on a 14-in 
TV tube in an array of 10 lines, 19 
characters per line. Display remains 
until erased by the operator. A total 
of 64 different characters can be dis- 
played at rates up to 190 characters 
per inquiry. Unit measures 22 in. 
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Project Vela's 


For employment write to: Personne! Director, Division 60-124 


los‘; alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
* @ LOS ALAMOS, NEW MEXICO 
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deep, 26 in. wide, and 51 in. high 
with a shelf overhang of 18 in. Price: 
depending on special features, about 
$15,000.—A. B. Dick Co., Chicago, 
N. 

Circle No, 318 on reply card 


OPTICAL READER 


Both typed and printed business infor- 
mation can now be read directly into 
a computer memory using the new 
1418 optical reader. The unit reads 
data in widely used type styles at the 
rate of 480 characters per sec. Output 
is translated into machine language to 
go directly to the manufacturer’s 1401 
computer. Forms acceptable can be 
from 5% to 83 in. long by 23 to 34 in. 
wide. Price for the reader is $120,- 
300-133,800; monthly rental: $2,600- 
3,750.—International Business Ma- 
chines Corp., Data Processing Div., 
White Plains, N. Y. 

Circle No. 319 on reply card 











PLOTS STRAIN GAGE DATA 


Now available off the shelf rather than 
on a custom built basis only, a new 
line of strain gage plotters provides 
multichannel recording and plotting 
for either 48 or 96 channels. No man- 
ual plotting or reading is necessary; 
the Model 114 automatically records 
data in visual form for on-the-spot 
evaluation. Individual graphs are used 
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for each channel, and three zero posi- 
tions are available for each. Special 
models are available for thermocouple 
or for millivolt input, and custom fea- 
tures allow speeds up to 20 chan- 
nels per sec. — Price: 48-channel, 
$9,000: 96-channel, $13,000.—Gil- 
more Industries, Inc., Cleveland, 
Ohio. 

Circle No. 320 on reply card 
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(321) The CM-114 Extends the range 
of the video band recorder/reproducer 
series manufactured by Mincom Div. 
of Minnesota Mining and Manufac- 
turing Co., Los Angeles, Calif., to 14 
tracks and has frequency response of 
400 cps to 1 Meps at 120 ips... . 
(322) The Electro Mechanical Instru- 
ment Div. of Consolidated Electro- 
dynamics Corp., a Sub. of Bell & 
Howell Co., Pasadena, Calif., has de- 
veloped a portable, $2,290 oscillo- 
graph recommended for use in utilities 
and research labs. . . . (323) A single 
point recorder with full scale pen speed 
of 4 sec has been placed on the mar- 
ket by Daystrom, Inc., Weston In- 
struments Div., Newark, N. J. 
Circle No. 321, 322, or 
323 on reply card 


RESEARCH, TEST, 
& DEVELOPMENT 


HIGH SPEED GENERATOR 


The Model 1200 millimicrosecond 
programmed current pulse generator 
delivers a high amplitude, ultrashort 
current or voltage pulse for research 
and development of high speed mag- 
netic materials, solid state devices, and 
computer circuits. It provides pulse 
repetition frequencies from 500 pps 
to 5 Mcps. Pulse widths range from 
20 millimicrosec to 15 microsec, and 
maximum current pulse amplitudes are 
2 amp. The equipment is housed in 
a standard rack cabinet 78 in. high, 
234 in. wide, and 21 in deep. Power 
supplies are mounted in a separate rack 
cabinet.—Rese Engineering, Inc., Phil- 
adelphia, Pa. 

Circle No. 324 on reply card 


SIGNAL SIMULATOR 
Precise PAM, PDM, or PAM/NRZ 


pulse trains are the output of this elec- 
tronic signal simulator for calibration 
and checkout of telemetry equipment. 
Features include continuously variable 
pulse rate from 20 to 7,000 pulses per 
sec, programmable signal levels, zero 


for . 

POWER TRANSISTORS 
SEMICONDUCTOR DIODES 
COMPUTER TRANSISTORS 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 
,-Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 
Orders filled from factory-fresh 
stock 
Up-to-date, practical product infor- 
mation 
Valuable RCA technical assistance 
when you need it 
One-stop” service on your orders 
specialists who understand your 
problems and your electronic needs. 
Remember, when you want fast delivery, 
reliable service, always check first with 


| your local RCA Semiconductor Distrib- 


utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 
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6 NEW RCA INTERMEDIATE 


POWER 


Now—in production quantities—six new RCA PNP ger- 
manium alloy junction transistors designed primarily 
for intermediate-power switching and audio-frequency 
industrial and military applications. Featuring 100°C 
maximum junction temperature and a unique case de- 
sign, these new types can be used with or without the 
heat-sink mounting flange. With mounting flange in 
place, these types can dissipate 7.5 watts at 25°C case | 2n1183a 
temperature; without flange, one watt at 25°C. 

These new RCA intermediate-power transistors pro- 
vide a choice of voltage ratings and beta ranges for 
design flexibility, They feature low saturation resist- 
ance and low leakage current. 

They are particularly useful in power switching cir- 
cuits such as dc-to-dce converters, inverters, choppers, 
solenoid drivers, and relay controls; oscillator, regula- 
tor, and pulse-amplifier circuits, and as class A and 
class B push-pull amplifiers for servo and other audio- 
frequency applications. 

RCA intermediate-power germanium transistors 
were developed in cooperation with the U. S. Army 
Signal Corps on an Industrial Preparedness Measure 
for military devices. 

Call your nearest RCA field office today for full par- 
ticulars. For further technical information write RCA 
Commercial Engineering Sec L-56-NN, Somerville, ANOTHER WAV RCA SERVES YOU THROUGH ELECTRONICS 
N. J. 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES... EAST: 744 Broad Street, Newark, N. J., HUmboldt 5-3900 - NORTHEAST: 
64 “A” Street, Needham Heights 94, Mass., Hilicrest 4-7200 - EAST CENTRAL: 714 New Center Building, Detroit 2, Mich., TRinity 5-5600 
CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago, Ill., WHitehall 4-2900 - P.0. Box 8406, St. Louis Park Branch, Minneapolis, Minn., 
FEderal 9-1249 - WEST: 6355 E. Washington Boulevard, Los Angeles, Calif., RAymond 3-8361 - 1838 Ei Camino Real, Burlingame, Calif., 


OXford 7-1620 - SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 » GOVERNMENT: 224 N. Wilkinson Street, Dayton, 
Ohio, BAldwin 6-2366 - 1725 “K” Street, N.W., Washington, D. C., FEderal 7-8500. 
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THE ONLY SQUARE TRIMMING POTS WITH OVER 2,000,000 UNITS DELIVERED 


Daystrom SQUARETRIM potentiometers may look like the many 
square configuration copies which have been flooding the indus- 
try in recent weeks, but they are different. This difference is in 
their outstanding performance, reliability and broad-line avail- 
ability. Daystrom has had five years to develop, produce and 
field-prove the features of the SQUARETRIM potentiometers, so 
whatever features are important to your application, you can 
be sure that there is a Daystrom SQUARETRIM to meet your most 
exacting requirements. 

The proof that Daystrom delivers what it promises can be 
found in over 2,000,000 Daystrom SQUARETRIM’s which have 


been placed into customer operation since 1955. It costs no 
more to be sure, so when you are ready to order trimming 
potentiometers, contact your nearest Daystrom Representative 
or Distributor for immediate delivery. Or you may write the 
factory direct for Data File CE 1350-1. 


1, 
| DAYSTROM, nconronares 
a, 


POTENTIOMETER DIVISION 
Archbald, Pennsylvania « CAnal 6-3300 (New York, N.Y.) 
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THERE ARE MORE 
DAYSTROM SQUARETRIM's 
IN THE FIELD TODAY 
THAN ALL OTHER SQUARE | 
TRIMMING POTS COMBINED 


Here’s why... 


Because engineers want to be sure of 
the basic design, more of them look to 
the originator of the square-shaped 
trimmers. They look to Daystrom when 
specifying this kind of potentiometer. 


Because they want to be sure of per- 
formance and reliability, more designers 
look to Daystrom for their sQUARE- 
TRIM’s. They know they can trust 
Daystrom specs. They appreciate the 
conservative ratings, and they have full 
confidence in the greater safety margin 
that such ratings afford. And they can 
be sure that Daystrom SQUARETRIM’s 
will go on meeting application require- 
ments with the same high reliability 
that has been proven by the 2,000,000 
units that have seen field service over 
the past five years. 

Because engineers want to be sure of 
availability, they like the convenience 
of doing business with two complete 
factory sales and stocking offices—one 
on each coast. They know that from 
these two factory offices and Day- 
strom’s 23 representatives and many 
stocking distributors from coast to 
coast, they can expect to obtain the 
exact SQUARETRIM’s to meet their needs. 
They know they are selecting from the 
broadest line of square-shaped trim- 
ming potentiometers available today 
when they specify the Daystrom 
SQUARETRIM line. 


That is why more knowledgeable 
designers looking for trimming poten- 
tiometers specify Daystrom sQUARE- 
TRiIM—they want the best...and the 
best is easiest to get. 


For more information or a complete 
file listing the entire SQUARETRIM line, 
contact your nearest Daystrom Repre- 
sentative or Distributor, or write the 
factory direct. Ask for Data File 
CE-1179-1, 


SERIES 303 


SERIES 318 


-= 
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POTENTIOMETER DIVISION 
ARCHBALD, PENNSYLVANIA 


DECEMBER 1960 


NEW PRODUCTS 


and full scale pulses anywhere within 
the frames, and provision for applica- 
tion of noise to the pedestal and in- 
formation levels of the wave train. 
Linearity is within 0.15 percent of full 
scale, and stability in output (PAM) 
and pulse width (PDM) is within 0.15 
percent of full scale for 12 hr after 
45 min warmup.—Telemetrics, Inc., 


Gardena, Calif. 
Circle No. 325 on reply card 


NIFTY CHECKER 


An electronic tester which reduces 
time spent checking wiring of com- 
plex electronic equipment has been 
tradenamed NIFTE for Neon Indica- 
tor Flashing Test Equipment. Origin- 
ally developed to check the manu- 
facturer’s own production of digital 
computers, the tester has proven useful 
in improving quality and reducing 
costs. It can be used economically for 
testing as few as 50 or as many as 
18,000 circuits.—Autonetics, Div. of 
North American Aviation, Inc., Dow- 
ney, Calif. 

Circle No. 326 on reply card 


CALIBRATES INSTRUMENTS 


(his compact Lissajous oscilloscope 
can be used as a bench instrument or 
can be mounted in a standard 19-in. 
relay rack in which it takes up only 
34 in. of panel space. The Liss-A- 
Scope, as it is trademarked, is designed 
to simplify phase shift measurement 
and monitoring. It is readily appli- 


cable to most lab or factory testing 
or calibration of phase measuring in- 
struments or other components hav- 
ing phase shift characteristics. Sensi- 
tivity is from 0.005 to 300 volts per 
cm in 10 calibrated ranges with fre- 
quency range from 5 cps to 1 Mcps.— 
North Atlantic Industries, Inc., Plain- 
view, N. Y. 

Circle No. 327 on reply card 


PLUS. . . 


(328) Rotek Instrument Corp., Cam- 
bridge, Mass., has announced at 
$4,975 an ac reference standard for 
lab work with accuracy not previously 
available. .. . (329) An accurate meas- 
ure of density for a wide range of sub- 
stances is available using the pycno- 
meter introduced by Beckman Instru- 
ments, Inc., Fullerton, Calif., at $545. 
(330) A polargraphic analyzer 
priced at $795 with highest flexibility 
is being sold by Nesco Instruments, 
Inc., Costa Mesa, Calif. 
Circle Nos. 328, 329, or 330 
on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


DETECTS HYDRAULIC LEAKS 


Any leakage in a hydraulic system 
under test with the new Model 410 
results in a displacement of a piston 
which is separated from the fluid by 
a bellows. This displacement is meas- 
ured by a position transducer and dis- 
played on a volume indicator dial. 
Maximum displacement is 2 cu cm, 
and leaks as small as 0.0025 cu cm 
can be measured accurately. * Price: 
$2,650.—Convair Instruments, Con- 
vair Div., General Dynamics Corp., 
San Diego, Calif. 

4X-14 


Circle No. 331 on reply card 


DIME-SIZE TRANSDUCER 


\ new flush diaphragm absolute pres- 
sure transducer has been drastically 
reduced in size and weight so that it 
is no larger than a dime. Featuring 
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are you 
engineering 


traditionally 
or 
economically? 


Guardian Series 610 A.C.-615 D.C. 


GUARDIAN 


has the answer for you... 


thousands of products—computers, business 
machines, instruments and automated units 
traditionally employ high priced telephone type 
relays. Meanwhile, other thousands enjoy long 

life and dependable performance from the mill- 
ions of operations delivered by Guardian Series 
610 A.C.- 615 D.C. relay and versions shown here. 
Actually, these economically priced, clapper type 
relays, originated by Guardian more than 

28 years ago, are preferred by experienced 
designers who had previously specified twin 
contact telephone type relays. Accept our offer 

for a free sample relay to test and prove 

. in your own electronic equipment. 


Series 600 A.C.-605 D.C. 


Each of these Guardian 
Relays features 
interchangeable coils 
and contact assemblies 
for innumerable 
variations eifher 


Series 100 A.C.-105D.C. open, enclosed, or sealed. 


Wrile tor sample, complete specifications and operating data. 


GUARDIAN \G/ ELECTRIC 


MANUFACTURING COMPANY 
1558-P W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control” 
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also a flush diaphragm with high fre- 
quency response, the device is just 
0.590 in. in diam and 0.050 in. thick. 
Pressure ranges are 0-10 and 0-100 
psi.—Statham Instruments, Inc., Los 
Angeles, Calif. 


Circle No. 332 on reply card 


FIRE DETECTOR 


Smaller than a golf ball, the U-V De- 
tector is an electronic tube capable 
of detecting fire by sensing its ultra 
violet radiation. It was developed to 
be used as a fire detector to provide 
nearly instantaneous alarm or to warn 
of flameout in combustion chambers. 
The device is insensitive to direct sun- 
light, normal illumination enclosed in 
glass, and cosmic and nuclear radia- 
tion. The detector is 14 in. long 
including mounting pins to fit an 
ordinary radio tube socket. With 
control it is priced at $80.—Thomas 
A. Edison Industries, Instrument 
Div., McGraw-Edison Co, W. Or- 
ange, N. J. 

Circle No. 333 on reply card 
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28 9 hp 


VELOCITY PINS 


A new system for measuring velocity 
in liquids or gases uses coaxial probes 
in clusters to read out a velocity pro- 
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Orders of Magnitude More Sensitive 


MICRO-SENSOR MS 105-350 


FEATURING 





PHILIPS 
miniature recorder 











type PR 2400 A 


for mV and temperature measurements 








Panel space 144 x 144 mm (53/, x 53/, ins.) 


@ Reliable null-balancing potentio- 
meter system 


@ Easily interchangeable ranges. 
Transistorized plug-in amplifier 
with printed wiring. 

@ Unique chart-winding system. 

@ High indicating-speed and 
critical damping 
Scale calibration for mV and all PHILIPS 
conventional thermocouples eo 

Completely mains operated. F 

U.S.A.: Philips Electronics Inc., Instrument Division, 750, South Fulton Ave., MOUNT VERNON N.Y. 

Canada: Philips Electronics Ltd., 116 Vanderhoof Ave., TORONTO - Ontario 

Overseas inquiries: N.V. Philips’ Gloeilampenfabrieken - Eindhoven - Holland 
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amplitude stability 
problems... 


with this new low-distortion 


ac power source! 


New from Krohn-Hite: this variable-frequency, 50 watt ac power 
source, with the long-desired specifications of less than 0.01% 
amplitude stability and 0.1% harmonic distortion! The LDS-1500 
offers a continuously variable wide range of voltage and current — 
up to 1500 volts, and up to 12 amps, at any frequency from 20 cps 
to 20 kc. 


The short-term stability and low distortion now makes it possible 
for you to calibrate conventional indicating ac voltmeters and 
ammeters, and digital meters to lab standards, yourself! 


As a general-purpose variable frequency source of distortion-free, 
highly stable power, the LDS-1500 has many applications. Distortion 
measurements at high power levels of precision resolvers, inductors, 
gyro motors and other electro-magnetic components can now be 
made with greater accuracy and ease. 


The 50 watt power output of the LDS-1500 is ample to supply test 
benches, for quality control testing at unusual frequencies. 


Investigate this unusual ac power source. Its unsurpassed stability 
and distortion characteristics, its convenience of continuously vari- 
able frequency, voltage and current — make it a basic instrument 
of the industry. Send for complete technical specifications. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue + Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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file. The probes act as fast switches 
when their end caps—in the moving 
sample stream—are pushed in contact 
with inner electrodes. Signals are fed 
through an RC network that codes 
the pulses by shape and/or polarity to 
enter a spiral sweep generator which 
serves as input to an oscilloscope. 
Types of probes being made available 
include: Type A to measure shock 
fronts in liquids or gasses (top right 
in photo above); Type B, an open pin 
to measure velocities of conducting 
materials (top center); Type C, a self- 
shorting pin for velocities of materials 
like rocket fuels (left); and Type D to 
measure velocity of ionized gases. Low- 
est price individual pin is $1.40; 
clusters start at $8.—Research Prod- 
ucts Associates, Stamford, Conn. 
Circle No. 334 on reply card 


PLUS. . . 


(335) Extremely rugged, = 
m iniature pressure transducer Or meas- 
uring 0-400 or 0-10,000 psig or psia 
gas or liquids is now available from 
Fairchild Controls Corp., Sub. of Fair- 
child Camera & Instrument Corp., 
Hicksville, N. Y., at $985. . . . (336) 
The Industrial Balancer Div. of Stew- 
art-Warmner Corp., Chicago, Ill. has re- 
cently introduced a device for protect- 
ing equipment from damage due to 
excessive vibration (price: $850). 

Circle No. 335 or 336 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 
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COMBINATION LOCK MEMORY 


An electrical memory switch that uses 
the principles of an ordinary combina- 
tion lock is capable of storing multiple 
digit numbers. In operation the 
switch is first cleared and then digits 
are set in by turning the shaft 
alternatively right and left. The 
os 
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switch consists of switch indexes and 
wafers arranged coaxially with tum- 
bler-tvpe couplings in between. The 
number of digits to be stored deter- 
mines the number of indexes needed. 
That shown above has four indexes 
for four digits and has 12 positions on 
each index to allow digits 0 to 9 and 
plus or minus indication Availability 
has not vet been announced.—Instru- 
mentation Laboratory, Massachusetts 
Institute of Technology, Cambridge, 


Mass 
Circle No. 337 on reply card 


2,500 BIT PER SEC RELAY 


Operating as a single pole, single throw 
unit with input coil and output cit 
cuit isolation, this semiconductor re 
lay operates at up to 2,500 bits per 
sec. Its output transistors are operated 
in series or parallel to key circuit loads 
of up to 300 vdc. 
Characteristics: 

Input current: 10-80 ma max, 20-60 
ma nominal 
Input resistance: 135 ohms 
Max open circuit voltage per dual 
“contact” unit: 150 volts 
Maximum safe “‘contact” current: less 
than 1 volt 
Quantity price: less than $100 

Rixon Electronics, Inc., Silver 
Spring, Md 


Circle No. 338 on reply card 


CONTROLS ULTRASONICALLY 


This unique ultrasonic switch allows a 
safe means of controlling levels of all 
liquids including corrosive or explosive 
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ELECTRIC POWER 


AIRCRAFT AND MISSILES 


OVER 200,000 HOURS... 


OlL REFINING AND CHEMICALS 


BETTER THAN 99% RELIABILITY 


a division of Thompson Ramo Wooldridge Inc. TRW 
202 NORTH CANON DRIVE e BEVERLY HILLS, CALIFORNIA og Sill, 


TRW Computers eee dl 
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THE RW-300... 
MOST THOROUGHLY 
FIELD-PROVED 
DIGITAL CONTROL 
COMPUTER 

FOR INDUSTRY 


The RW-300 has logged more than 
200,000 hours of on-line operation— 
many times more hours than logged 
by all other industrial digital control 
computers combined. The solid- 
state RW-300 computer is providing 
outstanding performance with better 
than 99% reliability in a diversity of 
around-the-clock applications. 


In chemical plants and oil 
refineries, it is increasing yields and 
reducing costs. It is offering 
ncreased efficiency and safety for 
the operation of blast furnaces and 
the generation of electric power. It is 
bringing new techniques to the man 
ufacture of cement, to the control of 
air traffic, and to the production 
testing of aircraft, missile, and elec- 
ironic components. 


More important, the RW-300 has 
been trusted to ‘‘close the loop" in 
more, fully automatic, industrial in- 
Stallations than all other industrial 
digital control computers. That is 
why more and more companies are 
specifying the experienced systems 
engineering and field-proved equip- 
ment of TRW Computers Company, 
the pioneer and leader in industrial 
computer control. 


For further information on the 
RW-300 and the associated engi- 
neering services, callor write Mr. Dan 
L. McGurk, Director of Marketing. 


B. F. Goodrich Chemical Company 
City, Kentucky— chemical proces 


tn Europe: 

COMPAGNIE EUROPEENNE 
D'AUTOMATISME ELECTRONIQUE 
8, RUE LAVOISIER - PARIS BE 
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fluids. The explosion-proof stainless 
steel probe instantly actuates the de- 
vice when any liquid touches its sensi- 
tive surafce. Repeatability is within 
a few thousandths of an inch, and 
operation is possible at pressures over 
2,000 psi. ‘There are no moving parts 
to foul. The controller is available 
with indicating lights or aural annun- 
ciators.—Powertron Ultrasonics Corp., 
Garden Citv, N. Y. 


Circle No. 339 on reply card 


20-POLE REED RELAY 


\ complete line of encapsulated dry 
reed relays in 1, 2, 4, 12, and 20-pole 
types now announced features any 
combination of NO or NC contacts. 
Break-make action can be furnished 
to insure nonoverlapping of contact 
closures. The relays are available with 
several coils controlling a single reed 
so that they may be used as logic 
units. All units are 1% in. long and 
varv from a 0.585 in. diam for the 
one-pole unit to 1 x 14 in. for the 20- 
pole type—Struthers-Dunn, Inc., Pit- 
man, N. J 


Circle No. 340 on reply card 


POWER SUPPLIES 


LOW DRIFT SUPPLY 


Ihe solid state circuitry of the Type 
3-139 strain gage power supply is fully 
isolated from the ac line supply by a 
triple box shielded power transformer 
to assure common mode rejection in 
an instrumentation system. Featuring 
low output drift (less than 0.1 percent 
from 0 to 50 deg C for all load and 
output conditions), the unit has an 
output voltage continuously variable 
2-15 volts and an output current of 
0-200 ma. Operating voltage is 95- 


135 vac, 50-400 cps. Eight plug-in 
units will fit in 54 in. of RETMA 
rack. Price: $195.—Electro Mechani- 
cal Instrument Div., Consolidated 
Electrodynamics Corp., Sub. of Bell 
& Howell Co., Pasadena, Calif. 


Circle No. 341 on reply card 


EXTREMELY STABLE 


Designed to supply the sweep poten- 
tial to a high persistance display tube 
used in a bomb-nav system, this highly 
stable power supply delivers 2,000 vde 
under a variety of severe environmen- 
tal conditions. Output is regulated to 
with in +1] percent under the follow- 
ing conditions: load current changes 
from 0 to 2.4 ma, input voltage varia 
tion from 102 to 124 over a range of 
380-420 cps, and ambient temperature 
changes from —54 to +71 deg C. 
Output voltage ripple is less than 400 
mv. The 74-lb supply measures 44 x 
5$@ x 63 in. Price: $1,500-2,000.— 
Industrial Products Div., International 
Telephone and Telegraph Corp., San 
Fernando, Calif. 

Circle No. 342 on reply card 


LOW FI, LOW PRICE 


A new low cost ($95) de power suppl 
is designed for uses in research labs 
which do not require close regulation 
or extremely low ripple. All solid state, 
the supply provides an output con- 
tinuously variable in three ranges: 0-6, 
0-30, and 0-60 vde at 1 amp max. 
Maximum output ripple is 50, 200, 
and 300 mv rms on the respective 
ranges. Input required is 115 volts, 60 
cps, single phase.—Consolidated Avi- 


onics Corp., Westbury, N. Y. 
Circle No. 343 on reply card 


MULTIPLE POWER 


This low cost multiple power supply 
for custom digital systems is a com- 
pact, rugged unit that will provide all 
the voltages required for the opera- 
tion of most medium size digital sys- 
tems. It is designed to mount in 
standard 19-in. racks. Price: $598.— 
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The Friden Model SRW Calculator extracts square root at the touch of a key. 
And it’s the only calculator that can. In any work requiring frequent square 
root calculations, the SRW is an indispensable time-saver. 


At Lockheed’s Sunnyvale, California Missile and Space Division, the Friden 
Square Root Calculator has been utilized since the Division began in 1954. 
To date, this installation has purchased more than 40 SRW’s. Although the 
actual saving in dollars and cents could only be guessed at, Lockheed’s continu- 
ing re-orders attest to the usefulness of the Friden SRW. 


For a no-obligation demonstration of the Friden Square Root Calculator, con- 
tact your local Friden Man, or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: the practical application of automation principles 


to the creation and processing of source data. 


@ Iriden 


SALES. SERVICE AND INSTRUCTION THROUGHOUT THE U.S. AND THE WORLD 


© 1960 rriven, inc 
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Harvev-Wells Electronics, Inc., Natick, 
Mass. 


Circle No. 344 on reply card 








UNINTERRUPTED POWER 


Three types of uninterrupted power 
systems are for applications which can 
not endure even momentarv loss of 
power to the load circuit. The three 
are: 1) unidirectional system having 
vital load isolated from the normal 
power supply, 2) unidirectional system 
having load supplied jointly from the 
power system itself and the normal 
power supply, 3) and a_ bidirectional 
system having the load isolated from 
the normal power supply. All three 
units feature a storage battery (which 
supplies power to the vital load cir- 
cuit following loss of normal supply), 
a dc device, and an ac _ generator. 
Price less standbv batteries: about 
$5,000.—Kearfott Div., General Pre- 
cision, Inc., Little Falls, N. J. 

Circle No. 345 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


TABLE MOVERS 


These Twin Drives are suitable for 
point to point or continuous table 
movement control and are easily pro- 
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APRIMETOOL 


for the Design Engineer 


The North RVF Switch is more 
than a component—it becomes a 
tool in the hands of the imagina- 
tive design engineer, giving him 
maximum flexibility in circuit ap- 
proach coupled with reliable serv- 
ice, long life, positive action and a 
minimum of simple maintenance. 


Any combination up to 30 inputs 
and/or outputs per bank level and 
up to 6 levels with single wiper or 
15 points per level and 12 levels 
with double wiper for application 
in control circuits and systems 
involving selection, sequential 
operation, scanning or totalizing. 


The North RVF Switch can 
be a too! in your hands—write 
today for full technical and 
specification data. 























NORTH RVF SWITCH 


ELECTRONICS DIVISION 


NORTH ELECTRIC COMPANY (uu 


6112 SOUTH MARKET STREET ¢ GAL/ON, OH/O 


DECEMBER 1960 CIRCLE 155 ON READER SERVICE CARD 155 





156 


TA Trademark of THE DIEHL MANUFACTURING COMPANY 


PICK 


your frequency... 


DIEHL precision resolvers and phase-shifters are avail- 
able for operation at frequencies up to 2 Mc. 

Operable and accurate at frequencies up to 2 Mc., the 
DIEHL line of precision resolvers and phase-shifters 
are right now proving their accuracy in a growing 
number of actual applications. 

One of the secrets of their success is an ultra-flexible 
basic design which permits almost limitless winding 
variations in the same size 11 frame, tailoring each unit 
for optimum performance at your frequency. 

Another is the wealth of design and manufacturing 
experience obtained during the four years since develop- 
ment of the first high frequency units in the precision 
manufacturing facility at DIEHL. 

Not to be overlooked is the company’s willingness 
to accept special frequency requirements rather than 
insisting on conformance to arbitrary “‘standard”’ values. 

Take advantage of all our “‘trade secrets’”” when you 
specify high frequency resolvers and phase-shifters by 
DIEHL. 

Write for complete information. 4004 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Somervilie, New Jersey 
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grammed to follow an unlimited num- 
ber of input signals to change speed 
or mode of operation. Commands can 
be received manually, electrically, or 
electronically; inputs via punched tape 
are easily accommodated. The drivers 
are available in ratings from 1/40 to 
3 hp. Z-axis and rational axis com- 
panion drives are also included in th 
line. Price: $650-2,500 a pair.—ECI 
Manufacturing Div., lectronic Con 
trols, Inc., Stamford, Conn 

Circle No. 346 on reply card 


MINIMOTOR 


Certainly one of the smallest motors 
ever built, this 4-in. wide motor is now 
available for prototype production. 
Height is 0.350 in. as is length. The 
large base on which the device is 
shown mounted above is for conven 
ience in handling only; it is not needed 
for operation. On 14 vde the speed 
of the motor is 20,000 rpm and 
torque available is approximately | 
gm-cm. Weight is practically neg- 
ligible: about vs oz. Because of tiny 
size, armatures must be hand wound. 
Prototvpe price: $110.—Rosekilly Ma- 
chinerv, San Mateo, Calif. 

Circle No. 347 on reply card 


MULTIPLE POSITIONER 


This electromechanical servo device 
can be used to position almost anvy- 
thing—machine tools, valves, float lev- 
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. for the precise calibration that means 
RECORDING CHART DEPENDABILITY 


Charlie Robinson, our pressroom supervisor, is 
making a careful chart calibration check in the 
picture above. He does this often. 


To make this test Charlie uses two engraver’s 
glasses, a special templet...and the 50 years of 
chart printing experience that stands behind every 
GC Recording Chart. 


What this test involves is making sure that the 
center line of the circular punches on a GC Strip 
Recording Chart is always the same distance — 
the correct distance — from the zero line of the 
chart grid. This means that a 25 psi recording at 


the end of a process, for example, will have the 
same value as a 25 psi recording at the start. 


Take rigid inspection standards like these — 
and add repeated paper and ink tests, continuous 
humidity control in production and storage areas, 
and speed of printing and delivery. You'll see why 
more than 5,000 chart users rely regularly on GC 
dependability. 


GC stocks more than 15,000 different chart 
types. We design and print charts for special pur- 
poses. Why not send now for the GC Stock List 
and for specific sample charts? 


100 Van Rensselaer St, Buttalo0,W.¥. 
A Subsidiary of 


CHARTS 


GRAPHIC CONTROLS 
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‘p-c AMPLIFIER EVALUATION 


number | in a series 


AMPLIFIER NOISE 


Acuy is the basic objective 
in amplifier selection. When 
evaluating amplifiers for specific 
applications all errors must be con- 
sidered. One such error, the noise 
level, determines the ultimate ac- 
curacy of the amplifier since the 
smallest observable signal cannot be 
less than the noise level. However, 
noise outside the frequency response 
range of the amplifier load can be 
filtered out or ignored with such 
read-out devices as galvanometer 
oscillographs. 


Noise in an amplifier is any volt- 
age component appearing at the out- 
put that has no counterpart in the 
input signal. Usually only the a-c 
component of the output is termed 
noise. The d-c component is called 
zero drift and its evaluation will be 
covered in another of this series. 


Internally generated a-c compo- 
nents must be evaluated as to ampli- 
tude and frequency range. Noise 
may be divided into two general 
classes and measured as described 
below. (a) Random voltages of a 
broad band nature arising from 
thermal agitation in resistors and 
random tube or transistor noise . . . 
measurements on a_ peak-to-peak 
basis are often 10 times or more 
larger than the measured rms value 
over the same frequency band. 
(b) Narrow band voltages induced 
within the amplifier by line voltage 
or chopper excitation . . . these volt- 
ages are generally sinusoidal so that 
peak-to-peak values are only about 
2.8 times larger than the measured 
rms values, 


Testing amplifiers for noise 


If the input signal is zero, any 
voltage components detected at the 























amplifier output can be identified as 
noise. A standard technique for 
measuring noise is shown. 


The oscilloscope measures the 
peak-to-peak values, the VTVM in 
rms values. Equivalent input noise 

eq. in) is the measured noise 
divided by the amplifier gain. For 
details write for Bulletin BE AN121. 


Noise less than 0.04% 


With a full scale input signal of 
10 mv, Honeywell's AccuData III 
Amplifier has a wide band (0-100 
kc) noise specification of 4 uv 
(eq. in) and a peak-to-peak noise 
over a 0-10 eps band of 4 uv (eq. in) 
... less than 0.04% of full scale! 





30 
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The AccuData III, a wide band 
differential input d-c amplifier with 
all transistor design, is especially 
useful for driving analog-to-digital 
converters, f-m magnetic tape sys- 
tems and high speed oscillographs 
where low level signals such as ther- 
mocouple, strain gage and similar 
transducer outputs are to be accu- 
rately measured. Write for Bulletin 
BS-DISA-3 to Minneapolis-Honey- 
well, Boston Division, Dept. 34, 40 
Life Street, Boston 35, Mass. 


Honeywell 


1ees 
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els, etc.—to anv of several preset posi- 
tions. Up to 14 positioning stops can 
be installed per foot of positioner, and 
the positioner is available in lengths 
up to 8 ft. Positioning error is + 0.005 
in. depending upon load and_ type 
of applications. List price of four- 
switch package: about $135.—Hanna 
Engineering Works, Chicago, III. 
Circle No. 348 on reply card 


EXTREME TEMPERATURES 


This split capacitor induction motor 
features continuous operation over an 
ambient range of —55 to +125 deg 
C. Manufactured by the company’s 
Hertner Electric Co. subsidiary, the 
motor is designed to exhibit low start- 
ing torque. 
Characteristics: 
Horsepower: 1/400 
Voltage: 115, 400 cps, 3-phase 
Speed: 10,500 rpm 
Torque: 0.24 oz-in. at full load; 0.20 
oz-in. at starting 
Weight: 3.5 oz 
Quantity price: $35 
Kearfott Div., General 
Inc., Little Falls, N. J 
Circle No. 349 on reply card 
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COMPONENT 
PARTS 


VARIABLE DELAY 


Set up to be built to individual 
requirements, these delay lines offer 
delays continuously variable from 2 
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THE ACKNOWLEDGED LEADER IN ANALOG COMPUTER DESIGN 


offers a new high frequency, 


solid state Electronic Multiplier: 


¢ Static accuracy comparable to the best time 
division multiplier designs 


« Dynamic response far in excess of any other multiplier 
* Factory calibrated — requires no field adjustment 

* Solid state shaping networks 

¢ Static Multiplier accuracy — to 0.05% 

For complete specifications, write for Data File No. 112. 


MULTIPLIER CONSOLE 


Qualified engineers seeking re- 


warding opportunities in these 
. Eight Independent Products. advanced fields are invited to 


get in touch with us. 


. Expandable to 16 Products with adapter kit. 


. Adequate power for expansion to 16 products, Ps 

. Operational Amplifier for each product. Sreeues 

. Amplifier Balance Meter. 

. Standard Rack Mounting. REEVES 


INSTRUMENT 
CORPORATION 


A Subsidiary of Dynamics Corporation of America 
Roosevelt Field, Garden City, New York 
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SCR|ICoN CONTROLLED RECTIFIER 


OGate controls for all Silicon Con- 
trolled Rectifiers. 


OSmallest, lightest packaged mag- 
netic firing circuits. 
O High output with steep wave front. 


O Uniform firing despite SCR varia- 
tions. 


OCommercial, military and extended 
range to zero types. 


OHalf-wave, full-wave reversible 
models. 


O60 cps, 400 cps; single phase, 
multiphase units. 
Write for applications assistance and data. 


+ er 


o- 


$P/s0. 
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FULL-WAVE TRIGGER (HALF ACTUAL SIZE) 


POWER CONTROLS 


Division of 


vitron 


CORPORATION 
37-05 48th Ave., Long Island City 1, N. Y. 
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to 10,000 microsec. Digit rate or 
bandwidth can be up to 500 keps, re- 
producibility and linearity of setting is 
to within 0.1 percent, and jitter is less 
than 1 millimicrosec. Control is pro- 
vided by low torque recirculating ball 
race drive suitable for manual or servo 
control.—Ferranti Electric, Inc., Elec- 
tronic Div., Hempstead, N. Y 

Circle No. 350 on reply card 


STARTS WITHOUT SHOCK 
Weighing only 15 lb, this new air 
operated clutch is suitable for applica- 
tions up to 5 hp at 1,800 rpm. The 
clutch is able to give shockless starts 
without overheating, is self-adjusting, 
has antifriction bearings, tequires no 
rotary joint, and is a combination mo- 
tor sheave and clutch. Price: $116. 
Horton Manufacturing Co., Minnea- 
polis, Minn. 


Circle No. 351 on reply card 


COMPACT STORAGE DRUM 


Designed to meet the specifications for 
buffer storage to magnetic tape, this 
compact, low cost magnetic storage 
drum can be supplied with matching 
read-write circuitry. The high speed 
device, suitable for severe industrial 
environments, can also be used as me- 
dium access storage for data reduc- 
tion or processing systems. Versatility 
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MAGNETIC POWDERED IRON 


OALSO MAGNETIC BRAKES AND 
CLUTCH BRAKES. 


OFor servo, computer, 
and other systems. 


O Extremely fast response (as low as 
0.25 ms). 


OHigh torque to inertia ratio; no 
torque loss. 


OSizes 9, 11, 15, 18; standard and 
custom designs. 


O Exclusive magnetic particle tech- 
niques; ultra-precision manufacture. 


O Designed to MIL specs; rigid quality 
control. 


Write for applications assistance and data. 


instrument, 


me 
4 


= "4, 
as 


SIZE 11 CLUTCH (ACTUAL SIZE) 


HODGE CONTROLS 


Division of 


vitron 


CORPORATION 
37-05 48th Ave., Long Island City 1, N. Y. 
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is provided by a pulley and belt drive 


which is replaceable to provide speeds | 


to 25,000 rpm. Capacity is 100,000 
binary bits. Small lot price: $1,500.— 
Farrington Manufacturing Co., Need- 
ham Heiglits, Mass. 

Circle No. 352 on reply card 


NAND MODULES 


These high speed digital plug-in 
modules feature NAND circuitry and 
are priced at less than $20 per flip- 
flop. Frequency range is dc to 1 Meps. 
High packing density allows 19 or, 
where required, 28 of these printed cir- 
cuit cards (each 44 in. high by 7 in. 
deep) in 54 in. of standard rack space. 
—Computer Control Co., Inc., Fram- 
ingham, Mass. 

Circle No. 353 on reply card 


ACCESSORIES 
& MATERIALS 


ANALOG PROCESS COMPUTER 


A new analog computer that performs 
any one of the three mathematical 
functions most common to process 
control enables electronic systems to 
perform additional operations. ‘The 
computer can extract the square root 
of a single input or ratio or multiply 
two inputs from a primary transmitter. 
Output is the accurate analog value 
for the mathernatical function and can 
be used to operate directly a recorder, 
indicator, or controller. The unit is 
designed for back of panel mounting 
and measures 9% x 12,% x 64 in. In- 
put and output are within 0 to 0.5 
vac. Power required: 115 volts. Com- 
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You get fast, drift-free pH or redox measure- 
ments with this L&N stabilized indicator 


And here’s why! With warm-up 
time of less than 60 seconds and a 
response of about 1.5 seconds, this 
indicator has an a-c chopper-stabil- 
ized amplifier (pioneered and per- 
fected by L&N) which eliminates 
zero drift. Equalization of input and 
d-c feedback eliminates effects due 
to tube aging and normal line volt- 
age fluctuations. And exceptionally 
high-quality insulation eliminates 
the need for dessicants. 

Other important features include: 


e A mirrored 54-inch scale which 
minimizes parallax. 

e Five ranges—0 to 14 pH, 0 to 
+700 mv, and 0 to +1400 mv—for 
versatility in measurements. 

e A zero rheostat for setting zero 
at any point on the scale for milli- 
volt measurements. 


cE 
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e Scale readability to 0.02 pH... 
1 mv on the 700 mv range; 2 mv on 
the 1400 mv range. 


e Permissible source resistance of 
0 to 2000 megohms or more. 


This indicator can be supplied for 
bench-work, or in a case for panel 
mounting as shown above. Primarily 
used for continuous indication, it 
can also produce a d-c output signal 
to a Speedomax recorder where a 
record is desired. 


Convenient features such as these ex- 
plain why this indicator has been so 
widely accepted by industry. For 
further information on this or any 
of our products or services, call your 
nearest L&N office or write 4901 
Stenton Avenue, Philadelphia 44, Pa. 
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C ANDS 


C AND S 
ELECTRONIC 
WEIGHING SYSTEMS 

measure 


Electronic Weighing 

Systems provide the puter is priced at $500.—Swarthout 
Div. of Crane Co., Manchester, N. H. 

high accuracy and Circle No. 354 on reply card 

stability demanded 

today ... for example, 


to measure the 


FORCE-THRUST- WEIGHT 


... high accuracy 
...high stability 


thrust of jet engines, 
or to weigh aircraft. 
Systems supplied by 


Revere include: 


DENSIFIED WOOD 
CALIBRATION AND TEST 
The CS-17 Force Calibrator with (he gear shown above is made from 
direct digital readout isothe Lignostone, a densified wood material 
heart of completely instrumented . x 
hydraulic test sten@e Gned te , ; manufactured in Holland. Either solid 
calibrate load cells. Dead weight or laminated beech blocks are available 
machines with a wide range of ws <a . eee . : : 
capacities are available for lab work. Jib on > Seaggees for a variety of uses including bear- 
. . ings, connectors, gears, electrical parts, 
a e mee: F insulators, and even nuclear shields. 
1 @ Harder and stronger than wood or ply- 
wood but lighter than metals and easy 
era . : hle 
WEIGHT AND CENTER OF GRAVITY to machine, the material is available 
C ano S Electronic Weighing Kits in a wide variety of sheet and block 
do more than 90% of all aircraft sizes. Price for a 10:x 84 x 3 in. 
weighing today. And major = we : . 
missile projects an alas. thick sheet of the laminated type, for 
Polaris are depending more example, 18 $20.—Lignostone Dept., 
and more on these kits; Techno Exports, New York. N. ¥. 


guaranteed accuracies of 0.1 
Circle No. 355 on reply card 


FORCE AND THRUST 

Fully instrumented systems 
using C ano S Precision 

Load Cells in a wide range of 
capacities are custom-designed 
to test jet and rocket engines 


CALL ON REVERE... 
WHEN YOUR PROJECT R 
RATHER THAN “OFF-THE-SHELF” TREATMENT 


when you want engineering abilities and specialized facilities in the fields of : CALIBRATES AND CONDITIONS 


The Model 1028 provides excitation, 
calibration, and normalization of the 
output of virtually any transducer. Re- 
Weight, Force and Thrust Measurement liable and easy to operate, the device 
High Temperature Wire and Cable Determination of Center of Gravity eleminates the need for duplicate 
Thermocouple Wire and Cable Strain Gage Load Cells power supplies, voltage references, en- 
closures, and controls. Standard 
printed circuit cards can be inter- 
changed to match various transducer 


wy 
neplune REVERE CORPORATION OF AMERICA| wavingfora, Conn. characteristics. — Epsco-West, Ana- 


One of Neptune Meter Company's Electronic subsidiaries heim, Calif. 


Liquid Level Indication and Control Thermocouples, Harnesses and Leads 
Flow Indication and Control Electrical and Molded Harnesses 
Flow Measurement 


Circle No. 356 on reply card 
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BULLETINS AND 
CATALOGS 


NOTE: This month’s Bulletins & Cata 
logs section starts with several items for 
which written requests are necessary. Com- 
plete addresses are given for them 

ON THERMOELECTRICITY. AMP, 
Inc., Harrisburg, Pa. A complete bibliog 
raphy on thermoelectricity, prepared dur 
ing the past several years by AMP’s re- 
search engineers, features a critical com- 
mentary on each of the articles listed 
FILMS ON SEMICONDUCTORS 
Westinghouse Electric Corp., Semiconduc 
tor Dept., Youngwood, Pa. (or nearest 
Westinghouse sales office). Two new slide 
film strips, complete with long-play re 
corded narrations, are available on a loan 
basis. Each strip is 15 min long and is 
ideally suited for training of semitechnical 
audiences. Films cover principles and 
manufacture. An _ illustrated booklet is 
also available in quantities for distribution 
to groups viewing the films. 

POWER TRANSISTORS. ‘Technical In 
formation Center, Motorola Semiconduc- 
tor Products, Inc., 5005 East McDowell 
Rd., Phoenix, Ariz. Power ‘Transistor 
Handbook, 200 pp, $2. Following up on 
the well received Zener Diode Handbook, 
this new book is devoted entirely to power 
transistor theory, design, and applications 
Supplemented with over 200 drawings and 
charts, plus numerous design problems and 
solutions, the book serves as a reference 
as well as an introduction to power transis 
tor applications. Mechanical, electrical, 
and thermal characteristics, plus maximum 
ratings are covered in detail. 

(400) STRAIN GAGE G-METER 
l'ransducer, Div., Consolidated Electro 
dynamics Corp. Bulletin 4202, 2 pp. Pre- 
sents design and performance data on the 
smallest temperature-compensated _ strain 
gage accelerometer. Illustrations include 
photo, circuit diagram, and dimension 
drawing. Input, output, environmental, 
and physical specifications are listed 

(401) COMPILER MANUAL. Compu 
ter Div., Bendix Corp. Manual T 21, 32 
pp. Designed to enable engineers and sci 
entists to master the Bendix G-15 ALGOL 
compiler, this self-teaching manual de 
scribes the language of ALGOL and sets 
forth the procedures for the representa 
tion of numerical data and control state- 
ments. Step-by-step examples illustrate the 
principles and operational characteristics 
of the compiler. 

(402) SUBMINIATURE SWITCHES. 
Unimax Switch Div., The W. L. Maxson 
Corp. Catalog No. 20-1, 16 pp. Contains 
complete information on the expanded line 
of Unimax. subminiature switches includ- 
ing new high-temperature, sealed, environ- 
ment-free, and MIL-specification types. 
These are in addition to the popular styles 
of phenolic-cased, pushbutton, toggle, and 
integral-actuator subminiature switch mod- 
els. Catalog also contains convenient pic- 
torial index. 

(403) VOLTAGE REGULATOR LINE. 
Raytheon Co., Commercial Apparatus and 
Systems Div. Catalog 4-265, 10 pp. Pro- 
vides complete specifications for more than 
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Speedomax 
Recorder 
Controller 








L&N’s Controllability Analysis can 
solve your pH control problem, too! 


And here’s why! A product of our 
long experience in pH, L&N’s Con- 
trollability Analysis technique takes 
into account all the factors involved 
in your particular control problem 
. . . factors such as agitation, flow 
rate and its variations, changes in 
acidity, retention, detection lag, 
control point and rangeability of 
feeding devices. 

By analyzing all these factors, 
L&N engineers determine the de- 
gree of control possible and the 
type of control applicable to your 
particular process . . . whether it 
involves waste treatment, cooling 
tower water, or pH of production 


agents. 
cE 
& 














And you'll find that we supply a 
complete line of high-quality, proc- 
ess-proved control equipment, de- 
signed and built by L&N — from 
electrodes to valve drive units—and 
will take complete responsibility for 
its successful operation. Control 
systems can be electric, electro-pneu- 
matic or pneumatic. 


If you have a pH problem, it'll pay 
you to find out what L&N control 
can do for your process. For infor- 
mation on our controllability tech- 
niques, or on any of our products 
or services, call your nearest L&N 
office or write 4901 Stenton Avenue, 
Philadelphia 44, Pa. 
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Kearfott Uninterrupted Power Systems... 


FOR CONTINUOUS, UNVARYING 
POWER AT ALL TIMES 


| NORMAL POWER 











=== NORMAL POWER FLOW | 
mmm EMERGENCY POWER FLOW STATIC DC 


POWER SUPPLY 


TWO ELEMENT UNINTERRUPTED POWER SUPPLY = 
VITAL LOAD BATTERY | 


| RAEN 


Typical applications: Nuclear Reactors » Power Distribution 
» Digital Computers = Process Control» Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies power to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restored to readiness by 
the main battery charger. 



































Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 
tions. 

Generator ratings to 

150 KVA 60 and 400 cycles, 

single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application, 


For complete data on the wide variety of arrangements available, write tos 


KEARFOTT DIVISION 
Dp GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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Bulletins & Catalogs 


2,000 standard magnetic voltage regulator 
models. A large, two-page foldout chart 
lists electrical and physical characteristics 
and simplifies the selection problem 
(404) TRANSDUCERS AND TRANS 
MITTERS. International Resistance Co., 
Control Components Div. Control Com 
ponents Guide, 8 pp. Booklet contain 
illustrations and complete specifications fot 
the division’s product line, which includes 
military telemetering pressure transdu 
high accuracy pressure transmitters, high 
voltage pressure transmitters and displac« 
ment position transducers 

405 \C rO DC CONVERSION 
\dage, Inc. ‘Technical Data Sheet, 4 p] 
Entitled “Applications Notes on Ac to 
Dc Conversion”, this data sheet describe 
in detail the operation and significant 
waveforms of a newly developed conver 
sion method. A functional block diagram 


also included, corresponds to the hardware 


used to make the conversion 

(406) SERVO ANALYZER Vought 
Electronics Div., Chance Vought Aircraft 
Inc. Bulletin, 3 pp. Covers the features, 
performance, and package of an all-elec 
tronic servoanalyzer designed for phase and 
gain response measurements on servosys 
tems, amplifiers, et Block diagram 
illustrates its major Components 

(407) SPEED REDUCER BOOK. Link 
Belt Co. Book 2719, 36 pp. Describe 
the company’s complete line of “‘balanced 
design” parallel shaft speed reducers. Six 
teen pages of rating tables contain thermal 
and mechanical horsepower satings fot 
each input and output speed. Load classes 
are shown for almost 250 driven machines 
(408) OPEN HEARTH CONTROL, 
Hagan Chemicals and Controls, Inc. Bull 
tin MSA 189, 16 pp. Leads off with a 
case history of how automatic control sys 
tems were applied to 12 open hearth 
furnaces at Pittsburgh Steel. Goes into 
such areas as fuel flow control, atomizing 
steel control, fuel/air ratio control, furnace 
pressure control, and reversal control. Con 
cludes with a list of five steps which Hagan 
suggests as a means of fully automating the 
open hearth process 

(409) TRANSDUCTOR MANUAL. 
Control Div. of Magnetics, Inc. Manual 
r-11, 38 pp. Mlustrated with charts, dia 
grams, curves, cutaway drawings, and pho 
tos, this manual provides details on the 
design and operation of the company’s 
static transductors. Publication also. out 
lines typical applications. 

(410) ANALYZER ACCESSORIES. Sci 
entific and Process Instruments Div., Beck 
man. Instruments, Inc. Bulletin 738, 14 
pp. Covers a wide range of accessories 
designed for use with Beckman DK spec 
trophotometers. Equipment — described 
adapts to the requirements of such an 
alyses as flame photometry, fluorometry 
teflectometry, spectroradiometry, colorim 
etry, solid phase studies, reaction rate 
studies, and turbidity observations 

(411) REMOTE METER READING 
Programation Div., Guardian Electric Mfg 
Co. Bulletin P 2, 4 pp. Describes the 
components and operation of a system 
designed for the remote reading of large 
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industrial gas meters by telephone. Illus- 


trations include photos and a block dia- 
gram showing major system components. 
(412) DIFFERENTIAL REFRACTOM 
ETER. Waters Associates. Bulletin, 4 
pp. Describes the operation, application, 
and specifications of a new laboratory re 
cording differential refractometer. Simpli- 
fied diagram shows the electrical and 
optical systems involved; table lists avail 
able ranges 

(413) PNEUMATIC COMPUTER 
DATA. Fischer & Porter Co. Catalog 
53CR1000, 8 pp. Covers the operation 
and application of the Sorteberg Force 
Bridge, a compact pneumatic computing 
relay. Contains details on each of the 
computer’s operations which include mul- 
tiplication, division, squaring, square root 
extraction, square root extraction with 
pressure compensation, simultaneous mul 
tiplication and division, and ratio setting 
(414) SILICONE APPLICATION. Dow 
Corning Corp. Brochure, 8 pp. Entitled 
“Silicones Solve Space Age Problems’, 
this new reference describes just a few of 
the many established applications for sili 
cones in military and commercial aircraft, 
missiles, and ground support equipment 
(415) SCR PHASE CONTROLLERS 
General Electronic Control, Inc. Bulletin 
No. 6071, 4 pp. Folder describes and illus 
trates a new line of modular phase con 
trollers and SCR amplifiers. Basic modules 
can be combined to provide optimum c¢ 
sign for power control applications in 
missiles, rockets, servomotors, and tempera- 
ture and illumination controls. Center 
spread shows typical module arrangements, 
transfer characteristics, outstanding fea 
tures, and specification charts. 

(416) ADJUSTABLE SPEED DRIVES 
General Electric Co. Bulletin GEA 6806, 
16 pp. Discusses operation and design of 
the new } to 25 hp line of Polydyne me 
chanical adjustable speed drives. Also dis- 
cusses the benefits of such drives and 
shows how to select and specify Polydyne 
units. 

(417) DIGITAL VOLTMETER 
GUIDE. Non-Linear Systems, Inc. Folder, 
10 pp. This “Pocket Guide to the Proper 
Selection of Digital Measuring Instru- 
ments” covers many of the factors that 
must be considered when purchasing a 
digital voltmeter. Last four pages contain 
photos, brief spec lists, and prices. 

(418) SEMICONDUCTOR DATA. Hoff 
man Electronics Corp., Semiconductor 
Div. Catalog, 20 pp. Details the com 
pany’s complete current product line. 
Contains electrical and physical param- 
eters of Hoffman’s silicon solar devices, 
silicon transistors, silicon diodes, silicon 
controlled rectifiers, zener regulators, and 
zener reference devices. 

419) PANEL METERS. Helipot Div., 
Beckman Instruments, Inc. Data Sheet 
601, 4 pp. plus price list. Lists 92 stand 
ard models of Beckman voltmeters, am- 
meters, muilliammeters, and microamme- 
ters in each of three sizes. Photos and 
dimension drawings illustrate typical me- 
ters in each size 

(420) PHOTOELECTRIC CONTROLS 
Autotron, Inc. Catalog 60, 24 pp. De- 
scribes the latest developments in high 
speed, ultra sensitive, and impulse actu- 
ated «ntrols; tubeless photoelectric con- 
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CONDUCTIVITY MONITOR 
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New L&N monitor indicates solution conduc- 
tivity continuously... provides range versatility 


And here’s why! Completely tran- 
sistorized, it applies a stabilized a-c 
voltage to the conductivity cell and 
a series resistor . .. rectifies the 
voltage drop across the resistor... 
and measures the resultant d-c sig- 
nal. The transistorized demodiula- 
tor assures dependable operation, 
year-in and year-out. 

Range versatility is such that the 
monitor can be used for a variety 
of measurements, including demin- 
eralization of water... condensate 
purity checks ... rinse operations 

. acid and caustic regeneration of 
ion exchangers ... and sulfuric acid 
manufacture. Standard ranges are 
calibrated in linear and non-linear 
micromhos specific conductance, and 
percent concentration of sulfuric 
acid and sodium hydroxide. 





If new application needs require 
a change in range, you simply sub- 
stitute a new meter. 
Other outstanding features include: 
e D-c output signal for transmis- 
sion to a recorder or other data log- 
ging equipment. 


e Automatic or manual temperature 
compensation. 


e To meet your needs, two con- 
venient models: a panel or wall- 
mounted industrial model (as illus- 
trated) or a light-weight portable 
model with a handle. 


To find out what this monitor can do 
for you, or for information on any 
of our products or services, call your 
nearest L&N office or write 4901 
Stenton Avenue, Philadelphia 44, Pa. 
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Engineering notes Ss hi WA | 
REPORTER 


BY STANLEY M. INGERSOLL, Capabilities Engineer 


from the 


Report No. 14 


AME 604 Thermocouple Reference Junction 
Temperature Compensating System 
The AME 604, the most advanced version of the SM/I Tempera- 


ture Compensator, 


is a highly accurate device for electronically 


compensating for the cold junction in a thermocouple tempera- 
ture measurement system for use where extreme environmental 
demands are made on airborne or ground equipment. 

This 12-channel temperature measurement system is composed 
of 12 compensator modules and 12 power supply modules and 
operates from a 28 V.D.C. input. This unit is completely encap- 
sulated to insure mechanical stability of the system. One power 
supply which incorporates solid state devices and one compen- 
sator module are required for each channel. Components in the 


compensator and 


power supply modules are assembled on a 


Melamine-Glass terminal board and following lead attachments 
are individually potted with a Ureathane foam-type potting com- 
pound that provides maximum stability under extremes of tem- 
perature and humidity as well as protection against operational 
vibration. The system design is such that the number of channels 
may be changed to suit a customer’s requirements. 


T ypical 
Performance 
Specifications 


Electrical output 12 channels 

Output impedance ..... 876 ohms (each channel 

Accuracy Better than +2°F. over a system operating 
temperature range of +-32°F. to +165°F. 
Better than straight line errors of +2°F. at 


32°F. to +1°F. at 77°F. to +2°F. at 105°F. 


and 3°F. at 250°F. 
5” x 342” x 3” 
Weight (less cables) 2.2 Ibs. 
Input power .. 28 V.D.C., 7.5 watts 
Input signal .......... 12 Chromel-Alumel grounded thermocouples 





POWER 
SUPPLY 








THERMOCOUPLE LEADS 








ALUMEL 
COMPENSATOR CHROMEL— 


L— QUTPUT— 






































AME 604 Temperature Compensating System — System Diagram 


For more information and complete operating specifications, write 
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 





SERVOMECHANISMS/INC. 
Los Angeles Division 

200 N. Aviation Boulevard 

E| Segundo, California 
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trols; safety controls; photoelectric and 
electronic timing controls; controls with 
built-in, remote, and subminiature sensing 
heads; and plug-in mounted controls. Also 
covers a wide selection of light sources 
(421) DATA PROCESSING SYSTEMS 
Friden, Inc. Booklet, 28 pp. Presents in- 
formation on the function and application 
of most of Friden’s tape operated ma 
chines: Flexowriter, Computyper, Tele 
data, Collectadata, and Selectadata. Also 
covers a variety of auxiliary input-output 
equipment 

(422) PORTABLE RECORDERS. Brush 
Instruments Div., Clevite Corp. Catalog 
2500/760, 4 pp. Illustrated brochure de 
scribes the Brush Mark II portable direct- 
writing recorders, including both electric 
and ink writing types. Discusses the choice 
of either ink or electric writing for specific 
applications and the type of data that can 
be recorded on the four available channels 
(423) MULTITUBE DATA. Crescent 
Insulated Wire & Cable Co. Bulletin No. 
960, 12 pp. Contains complete informa 
tion on spirally cabled tubes for instru 
ment and control systems. Details cover 
the various types of tubing available, the 
protective interlocked metallic armor, 
types of corrosion-resistant sheaths, as well 
as instructions for installation 

(424) PRESSURE PICKUPS. Servoni 
Instruments, Inc. Bulletin S-606, 2 pp. 
Describes two new ac pressure transducers 
of the induction potentionmeter type 
Bulletin provides complete electrical, me 
chanical and dimension data for both 
models 

(425) ELECTRONIC CONTROLS 
Barber-Colman Co. Data Sheet F-9754, 4 
pp. Lists and describes a complete line of 
electronic package control sets specifically 
designed for temperature control of valve 
type unit ventilators 

(426) GAGE INSTRUMENTATION 
Measurement Control Devices, Sub. of 
Schaevitz Engineering Catalog No 
G-100, 4 pp. Illustrated brochure de 
scribes in detail the systems and compo 
nents available for the continuous indica 
tion and monitoring of minute changes in 
dimensions for control purposes. Display 
units for use in closed-loop servo indicat 
ing systems are also described 

(427) PRECISION TRANSDUCERS. 
Instrument Div., Bourns, Inc. Summary 
brochure No. 2, 20 pp. Handy reference 
contains basic specifications on pressure 
transducers, motion transducers, accelerom 
eters, and precision potentiometers, im 
cluding 13 new products. Brochure also 
briefly describes the company’s engineer 
ing, production, quality control, and en- 
vironmental testing departments 

(428) SUPERVISORY INSTRUMENTS. 
General Electric Co Bulletin GEZ 
307A-1, 12 pp. Deals with the company’s 
compact redesign of a turbine supervisory 
instruments system that charts a perma 
nent record of mechanical performance 
throughout the starting and running pe 
tiods. Details cover the system’s ability to 
monitor vibration, shaft eccentricity, shell 
and differential expansion, speed, and 
valve position. 
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Second step for man-in-space in the 
U.S., after project Mercury, is Project 
Apollo, a versatile spacecraft that will 
permit manned reconnaissance to the 
vicinity of the tnoon. NASA has se- 
lected three contractors to conduct 
individual feasibility studies. The 
threesome: Convair, GE, and _ the 
Martin Co. 


* 
Five British companies have formed 
an international consortium to market 
an air-to-ground multichannel telem- 
etry system. System is claimed to 
have a range of 100 miles in line of 
sight, operates in the ultra high fre- 
quency range of 400 to 418 Mc. 
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RAMBLINGS 


ON 


INSTRUMENTATION 


How I Made 
ONE MILLION DOLLARS 
In My Spare Time Selling 
Pressure Instruments 


by Nicholas Sharpus 
Celebrated Slavic Cha-Cha Dancer 


(An unexpurgated translation) 


Ever since my appearance on that late 
—late panel show called ‘Who's 
Awake?’’, people have been stopping 
me on the street and asking, ‘““How 
could you, Mr. Sharpus, a celebrated 
Slavic cha-cha dancer with no scientific 
education, make one million dollars 
selling pressure instruments?”’ 

I have persistently refused to answer 
these questions for one excellent rea- 
son: I don’t speak English. Don’t even 
understand it for that matter. Crazy 
language. 

It is to put an end to all this gibberish 
that I have succumbed to innumerable 
requests (from my agent) to reveal the 
formula by which I scaled the heights 
of financial success. 

Yes, it is true that I amassed my for- 
tune selling pressure instruments in my 
spare time between dancing engage- 
ments at PTA meetings. (Boy, is that 
some dandy agent I got!) 

But I want to caution any neophytes 
thinking of cleaning up big in pressure 
instrumentation that it’s absolutely 
necessary to handle a complete line. For 
years I was on the verge of starvation, 
haggard and desperate, trying to ped- 
dle Ordinary pressure instruments, 
made by the Ordinary Instrument 
Company. No results, nothing. If I 
hadn’t been able to swipe extra cup- 
cakes (see sketch) at PTA meetings I 
never would have survived. But have 
you ever tried living on PTA cupcakes? 
This is living? 

Then Fate intervened. Good old Joe 
Fate, that is. He introduced me to the 
Hays complete line of pressure instru- 
mentation. Now, with Pressure Re- 
corders, Indicators and Transmitters 
with ranges from 0.2” W.C. to 10,000 
psi, I was a new man. No matter where 
I went, people pleaded with me to part 
with my Hays Direct Indicators with 
ranges from 0-0.2” to 0-10,000 psi and 
recorder from 0-0.2” to 0-120 psi. Oth- 
ers clamored for my Hays Transmitters, 
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indicating and non-indicating with 
ranges from 0-0.2” to 0-10,000 psi. The 
Hays round dial, vertical scale or re- 
cording Electric Receivers sold like 
crazy. Yes, the cupcake days were over 
for old Nick, and I was sleeping indoors 
for a change. 

As for the language barrier, I found I 
needed only two English words to close 
any low-pressure sale. While the pros- 
pect was poring over my sample case of 
twenty-seven instruments, I would say 
“Slack diaphragm” and the sale was 
clinched. Until recently I always 
thought “slack diaphragm’’ meant 
something like “‘Whom you got in da 
Series?’”’. Now, however, I find it refers 
to a pressure sensing element originally 
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developed by a Hays engineer named 
Henry Diaphragm, a breakthrough in 
low pressure instrument standardiza- 
tion. They call it the Slack Diaphragm 
because it’s . . . well, like slack, you 
know what I mean. 

Now, one final request of you aspir- 
ing pressure instrument millionaires . . . 
write for the Hays literature on the 
subject and stop asking me those con- 
fusing questions! And by the way, my 
agent tells me I’m open for a few PTA 
bookings next year. 








Editor’s note: if you are included 
in the minuscule number of “‘Ram- 
blings”’ fans, we'd be glad to send 
you a booklet of “‘The best of ‘Ram- 
blings’ ’’ culled from five years’ out- 
put. It’s well worth the 4¢ stamp it 


will cost you. 
“b ‘Spe 


President 
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Actuating Audible Signals... 
Another of Countless Applications of 


SPECIAL TIMERS by 


A specially developed Standard batch 

timer, with pins which can be positioned as 
desired, actuates audible signals to assure 
proper manual operation of critical equipment. 


What’s your need in special timers? Precise process 
timing—as on this Farrel-Birmingham Banbury® 
mixer? Or accurate test timing (to tolerances of 
+ .001 second)—as with numerous electronics 
and missile manufacturers? 

Whatever the application, STANDARD stands 
ready to develop the exact elapsed time indicator 
to meet the most stringent requirements. 

Inquire today. 
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Request Catalog 
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ieee TIME COMPANY 
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WHAT’S NEW 


(Continued from page 50) 


Computer Dept. moved toward a full 
line of computer products with the 
announcement that it had set up an 
engineering group to develop a line of 
peripheral equipment. 

The group will be responsible for 
developing all computer accessory 
equipment comprising integrated data 
processing systems. 


IBM’s ‘Little Card’ Machine . 
Outselling Hotcakes Abroad 


Ask an American computer expert 
about an IBM 3000 machine and the 
result will probably be a blank look. 
But in foreign markets—where this 
inexpensive punched card accounting 
svstem is sold exclusively—the 3000 is 
selling at a rate that excites even ultra- 
businesslike IBM executives. Rental: 
$340 per month. 

Designed and built by IBM World 
Trade Corp.’s__ subsidiary, IBM 
Germany, the 3000 was first an- 
nounced at the Hanover (Germany) 
Fair last May. Since then almost 800 
of the svstems have been leased or 
sold. After one displav in Japan, two 
months ago, IBM wrote at least 40 
orders. The startling prospects: IBM 
World Trade now confidently pre- 
dicts sales of 6,000 svstems in Europe 
alone within the next five vears. 

An innovation to IBM in the 3000 
is the unusual card format: half the 
size of the standard IBM card, with 
round holes that still allow the full 
80-column capacity. 

The small card is responsible for 
the low price and compactness of the 
3000 units. The complete accounting 
svstem consists of three units: a 
punch /verifier the size of a tvpewriter, 
a sorter that takes less space than one 
4-ft shelf of books, and an accounting 
machine about the size of a 4-ft high, 
4-ft wide bookcase. 

Cards are punched by the 3000 at 
a rate of 90 per min. Maximum 
speed of multiplication is 1,800 cards 
per hour; for division, maximum of 
1.080 coh. The sorter handles 460 
cpm: storage: 30 characters. 

No plans are being made to market 
the 3000 in the U. S. 


Japan on Brink of World 
Competition in Computers 


rOKYO 
The spectre of low cost competi- 
tion in computers from Japan edged 
a step closer to reality last month— 
close enough, according to some ob- 
servers, that the path of Japanese par- 
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ticipation in the world’s computer 
market was sure to be set very soon. 

Strongest ingredient to be thrown 
so far into Japan’s bubbling computer 
cauldron has been IBM’s deal with 
the government’s Ministry of Interna- 
tional Trade and Industry. IBM is 
to set up a Japanese computer com- 
bine in which it would contribute its 
punched card equipment know-how in 
exchange for 90 percent ownership 
and guaranteed remittable royalties 
(see CtE, Oct. 60, p. 46). 

Now Remington Rand is attempt- 
ing to cut itself a piece of the boom- 
ing industry with plans to set up a 
manufacturing and marketing com- 
pany in Japan. And on top of this, 
MITT is thinking of reactivating its 
three-year-old plan for a nationalized 
computer company. 

Rem Rand’s plan calls for a joint- 
venture company involving its affiliate, 
Remington Univac Japan, along with 
Mitsui Kaisha Bussan—Japan’s largest 
trading company, and Tokyo Shibaura 
(Toshiba)—a GE affiliate (about 
percent GE owned) and Japan’s largest 
electronics manufacturer. Rem Rand 
would feed the group computer know- 
how that it has rights to under an 
IBM cross-licensing agreement 

¢Ownership impasse—Under these 
licenses IBM and Rem Rand are al- 
lowed nonexclusive rights to make and 
sell each other’s data processing equip- 
ment that was under patent as of 
October 1, 1956. And each firm is 
allowed to pass the rights on to their 
subsidiaries. But here’s the catch: 
“subsidiary” is defined in the agree- 
ment as a firm owned more than 50 
percent by either company; and Rem 
Rand owns only 30 percent of Rem- 
ington Univac Japan (Mitsui owns 50 
percent, Toshiba the rest). 

Negotiations are stuck now on 
MITIT’s reluctance to allow majority 
foreign ownership. The only way 
out some observers see is for MITI to 
relent and allow Mitsui to relinquish 
enough of its holdings to Rem Rand 
to give it majority control. As this 
issue went to press. Univac Japan had 
opened the first foreign owned com- 
puter center in downtown Tokvo and 
was sure Mitsui would concede some 
of its share. : 

eEnter the government—Into all 
this last month also stepped the pos- 
sibility of a nationalized computer in- 
dustry. Capitalized at $6 million— 
half from the government and _ half 
from industry—the national electronic 
computer company would resemble 
similar setups existing in the atomic 
energy and aircraft fields. 
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MITI’s planned company would 
promote Japanese electronics industry 
as a whole and push computer mak- 
ing. It would cover the individual 
manufacturers’ losses and purchase 
their output of small computers and 
rent them. Rentals would grow from 
a goal of 60 units in 1961 to 250 in 
1966. Revenue would be $1 million 
the first vear with a $700,000 deficit. 
But by 1966 revenue is projected up 
to $30 million with a $1.8 million 
profit. Under the current plan the 
proposed company would also do re- 
search and development on large scale 
computers. 


News of Other Companies 
In the Control Field 


Clauser Technology Corp., a new 
firm to engage in development and 
production of electronic equipment 
and instruments, has been formed in 
Torrance, Calif., by Dr. Milton U. 
Clauser. Assisting in the formation 
of the company was the venture capl- 
tal firm of Draper, Gaither & 
Anderson. 


Briggs Associates, Inc. of Norris 
town, Pa. has agreed upon a plan for 
merger with Vanguard Air and Marine 
Corp. of Paoli, Pa. The merger pro- 
posal will be submitted to stockhold- 
ers. Briggs is engaged in electronic de- 
velopment and has installed automatic 
contro] systems in industrial plants 
and military laboratories. 


GE’s Defense Systems Dept. has 
established a Space Systems Operation 
in Santa Barbara, Calif. The setup 
will be managed by B. G. Walker. 


FXR, Inc. of Woodside, N. Y., has 
entered into a mutual licensing agree- 
ment with Elliott Brothers (London) 
Ltd. The pact gives the two compa- 
nies exclusive nghts to manufacture 
and sell each other's range of micro- 
wave components and instruments. 


Telecomputing Corp., Los Angeles, 
has made its first move toward ex- 
pansion on the east coast with the 
acquisition of Computer Sciences, 
Inc. of Westbury, N. Y. 


United Aircraft Corp., E. Hartford, 
Conn., has acquired a 20-per-cent in- 
terest in Societe Pecilec, an electronics 
company in Paris, France, and one- 
fifth part also in Societe Somalec. 
Arrangement was made in behalf of 
UAC’s Norden Div. 


American Society of Mechanical 
Engineers has changed to Automatic 
Control Div. the name of its Instru- 
ments and Regulators Div. 


DECEMBER #8960 


Measurements engineer with General 
Electric Locomotive and Car Equip- 
ment Department checks operation 
of PI recorder in locomotive cab. 


Pi Tape Recorder rides the rails- 
writes 14-track travel report 


Even in the pitching, rolling cab of an 1800-horsepower diesel-electric loco- 
motive, it’s an easy task for a PI instrumentation magnetic tape recorder to 
gather data with laboratory accuracy. In special tests recently run by General 
Electric's Locomotive and Car Equipment Department, their Pl 14-track tape 
recorder was used to measure such parameters as shaft torque, motor-mount 
movement, strain information, vibration, speed and motor current data. 
Magnetic tape was chosen for the job because it permits automatic fre- 
quency analysis and analog computer processing of quasi-random data. 
Such data, when recorded by conventional oscillo- 
graphic methods, may be extremely difficult and 
time consuming, if not impossible, to analyze. 





For this and other mobile or airborne applications, 
Pi all-solid-state tape recorders offer many un- 
usual advantages which we'd like to tell you 
maleate ah Miendedee about. Drop us a note today, or phone your local 


shown in standard Precision representative. 
shock mounting 











PRECISION INSTRUMENT COMPANY 
1O01l1l Commercial Street * San Carios, California 
Phone: LYtell 1-444! + TWX: SCAR BEL 3O 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Both a 


PROGRAMMER 


guided by a 
pencil-drawn curve 





and a 


RECORDING 
_ CONTROLLER 


which superimposes a 
record of actual process 
performance and applies 
corrective control when 
performance deviates 
from the plotted program 





PREKORDER 


TRADE-MARK 


brings new flexibility to the automation 
of industrial process with closed-loop 
control. 


1. Pencil Programming —No cams to 
cut. 

2. Superimposed Recording — PreKord- 

er’s permanent record of process per- 
formance on a program chart overlay 
permits continuous visual compari- 
son of record and chart. 
Programmed Limits—To trigger alarm 
or shut-down circuits in case of proc- 
ess malfunction, just pencil allow- 
able operating limits on the record- 
ing chart. 
Programmed Gain — Varying the space 
between pencilled program lines va- 
ries the proportional control band or 
system gain. 


Typical PreKorder ap- 
plications are in pro- 
gramming temperature, 
pressure, power, load, 
flow, position, and oth- 
er process variables. 
Both round and strip- 
chart models are avail- 
able. 


RE. RCH 


INCORPORATED 


x 


Write Dept. CE, Box 6164, Minneapolis 24, Minn. 
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IMPORTANT MOVES BY KEY PEOPLE 


Orpin With Stromberg-Carlson 
Again; Heads San Diego Unit 

After a vear’s +f 

absence, L. H. 

Orpin has re- 

joined Stromberg- 

Carlson, this time 

is general man- 

ager of its San 

Diego (Calif.) fa- 

cility. Orpin had 

previously been 

director of plans and programs at 
Stromberg-Carlson’s main plant in 
Rochester, N. Y. His vear away from 
the firm was spent at RCA where he 
was a manager of planning. 

In his new position Orpin will be 
responsible for all operations of S-C- 
San Diego, which produces the Char- 
actron shaped beam tube, high speed 
electronic printers, readout and dis- 
play devices, and military gear. 

Orpin’s background previous to first 
joining S-C included positions in the 
Radiation Laboratory at MIT, General 
Railwav Signal Co., Fairchild Guided 
Missile Div., and Convair, which is 
along with S-C a division of General 
Dynamics Corp. 


Schaevitz Names Dr. Miller 
Head of New Dept. 


Schaevitz Engi- 
neering, Penn- 
sauken, N. J., has 
chosen Dr. Juls 
Miller to head its 
newly announced 
Electromagnetic 
Devices Dept. 
The new venture 
for Schaevitz will 

include the design and production of 
fractional and subfractional motors, 
converters, transformers, generators. 

Motors to be included in the new 
line will range from 1/3000 to 1 hp 
and will carry price tags from $10 for 
small, — units up to $300. 

Dr. Miller, who invented the first 
radio timer, was formerly with Schick 
Electric Shaver Co. as chief of the 
motor department which developed 
the first reciprocating shavers. He has 
also been with Lamb Electric Co. and 
the Decker Corp. in the past 25 years. 

Prior to coming to the U. S., Dr. 
Miller was professor and chief of en- 
gineering at Depoge College, Berlin, 
Germany, and also was editor-in-chief 
of a Berlin electrical magazine. Dur- 


ing World War II Dr. Miller in- 
structed U. S. soldiers in motor de- 
sign and repair. 


Ampex Planning Engineer 
Joins Data-Control Systems 


New assistant 
to the president 
of Data-Control 
Systems, Inc., 
Danbury, Conn., 
is Roy W. Py- 
burn. Pyburn 
joins DCS from 
Ampex Corp. 
where he was se- 
nior product planning engineer for the 
past four years. He was responsibl 
for market research and evaluation of 
future requirements for Ampex’s field. 
Pyburn worked for nine years in the 
Civil Aeronautics Administration (now 
FAA) as a supervisory electronics spe- 
cialist. He was concerned with instal- 
lation and testing of airways communi- 
cations systems and radars. He then 
joined Boeing Airplane Co. where he 
developed Bomarc test equipment. 


Ogletree New Manager 
At Computer Systems 


W. A. Ogletree 

has joined Com- 

puter Systems, 

Inc. as the com- 

pany’s new gen- 

eral manager. 

Ogletree’s _ previ- 

ous position was 

at the Burroughs 

Corp., where he 

was manager of engineering for the 
Military Electronic Computer Div. 

Previous to joining Burroughs in 
1953 at its Research Center, Ogletrec 
served for a year on a British mission 
ary board developing broadcasting and 
communications equipment. He also 
spent a period for the U. S. Coast 
Guard working on the development 
of LORAN. 

Computer Systems in Monmouth, 
Junction, N. J., manufactures analog 
computers, missile range instrumenta- 
tion, and computer accessories. 


Other Important Moves 
Dr. Donald W. Collier has been 


named by Borg-Warner Corp. to the 
new post of vice-president for research. 
Dr. Collier has been president of the 
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Thomas A. Edison Research Labora- 
tory Div. of McGraw-Edison Co. 


John B. Montgomery has become 
the president of Daystrom, Inc., as 
Thomas Roy Jones was elevated to 
chairman of the board. Montgomery 
comes to Daystrom from GE’s Flight 
Propulsion Div. where he was _vice- 
president and general manager. Jones 
will continue as chief executive officer 
of the firm. 


Clarence H. Hopper has become 
the president of CBS Electronics, the 
Danvers (Mass.)-headquartered  di- 
vision of the Columbia Broadcasting 
Svstems, Inc. 


Dr. Robert Britton is now director 
of military engineering for Airtronics 
International Corp. in Ft. Lauderdale, 
Fla. Dr. Britton was most recently 
project engineer in charge of test facil- 
ities for Electronic Communications. 


Dr. Alan J. Rowe has taken the post 
of manager of research in Hughes Air- 
craft Co.’s industrial dynamics depart- 
ment, Culver City, Calif. Dr. Rowe 
was director of management control 
systems research at Systems Develop- 
ment Corp. 


John A. Wiedmann has joined the 
industrial division of Hydromatics, 
Inc. as chief engineer. The Bloom- 
field, N. J., firm makes Flo-Ball trade- 
marked valves. Wiedmann was form- 
erly chief design engineer for Honey- 
well’s Missile Equipment Div. 


George B. Robbins is the new gen- 
eral manager of the Electronics Div of 
Fairbanks, Morse & Co. in W. Hart- 
ford, Conn. Robbins has taken over 
from John S. Tompkins, who organ- 
ized the new division and supervised 
its transfer to its new location. 


Obituaries 


Dr. W. R. G. Baker, 67; president 
of Syracuse University Research Corp.; 
former chairman, executive commit- 
tee, Gulton Industries, Inc.; former 
vice-president, General Electric Co.; 
former vice-president and general man- 
ager, RCA Victor Corp.; pioneer in 
radio, TV, and radar communica- 
tions; after a short illness in Svracuse, 


N. Y., Oct. 30. 


Harry H. Goode, 51; professor of 
electrical engineering, University of 
Michigan; taught U.S.’s first course 
in systems engineering; as the result of 
an automobile accident in Ann Arbor, 
Mich., October 30. 
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USE 
MOTOR 


LOAD 


TO CONTROL 


MACHINE OPERATIONS 


Using motor load as the measured variable, API’s 
Load Sentry is probably the most versatile—and per- 
haps the simplest—discrete machine control you’re 
likely to find around. You can use it to switch from 
one feed rate to another, to measure actual accumu- 
lated work time or work count, to protect against 
mechanical or electrical overload from such causes as 
faulty work positioning, excessive torque, etc. All these 
conditions—and many more—are accurately reflected 
in motor-load current, a convenient means of control 
actuation. 


Fast-acting Load Sentry will respond in less than 
0.2 seconds to motor-load variations as little as 5% 
(in some cases 3%) of whatever norm you select. A 
simple index-pointer setting establishes the motor- 
load limit. 


Built around the API contact meter-relay, Load 
Sentry is available as a simple contacting meter or a 
complete control package, ready to install. It has the 
inherent reliability of the locking-coil meter-relay: 
— can expect at least ten million operations without 
ailure. 


Load Sentry can be supplied to 
measure either amps or watts. It 
can be damped to limit response to 
steady overloads of up to three sec- 
onds’ duration, and can include 
provision for start-up time delay. 
Bulletin 106-C will give you more 
detailed information. 


ASSEMBLY PRODUCTS, INC. 


CHESTERLAND 77, OHIO 
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Hall Effect Transducer 


From “Electric Displacement 
Transducer Applying Hall Effect”, 
by Isamu Ohno. Journal of the 
Society of Instrument Technology, 
Japan, September 1960, pp. 549- 
558. In Japanese. 
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When a magnetic field is applied 
vertically to the direction of a current 
running through a crystal of semicon- 
ductor material, a gradient of potential 
appears at a right angle both to the 
field and the current. This phenom 
enon is called the Hall effect. The 
electrical displacement transducer, 
used as a detector of Yokogawa’s new 
electronic control system, employs the 
Hall effect of a germanium pellet in- 


CUSTOM | serted into a nonuniform magnetic 
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field. When the pellet moves. right 


CHART PAPERS ()))0%" 
| the increase or decrease of magnetic 


flux which is interlinked to the pellet. 
You get the full potential from your recording systems when The relation of displacement and 
you use custom-made chart papers by Ludlow. Precision Hall voltage depends on the shape ot 
: : : . the pellet and the distribution of the 
engineering assures constant fidelity. Write for free samples 
: : magnetic flux. In the transducer the 
and literature or tell us your requirements. Ludlow Papers, 


2 pellet is sealed within a metal capsule 
Ware, Massachusetts, Dept. CE-120. so as not to expose it to open air, 


CIRCLE 197 ON READER SERVICE CARD and the temperature distribution of 
the: pellet is maintained uniform. 
Tests on 0.3 ohm-cm N-type german- 
ium showed that the Hall voltage re- 
mained within 0.5 percent of nominal 
over the temperature range from 
minus 40 to plus 95 deg C. 
The transducer output is 10 mv. for 
a 2-mm displacement, with a non 
linearity of less than 0.3 percent. 


Body measurements 


From “A Pragmatic Approach to 
Bio-Instrumentation”, by S. U. 
Miller, N. S. Namerow, and P. G. 
Strauss, Space Systems and Indus- 
trial Automation, Inc. Paper No. 
230K sponsored by the Society of 
Automotive Engineers for presenta- 
tion at the SAE-AFOSR Astronautic 
Symposium, Los Angeles, Oct. 12- 


14, 1960. 


How to Marry an Intervalometer 


(with a count limiter) 


As the following list of biological 
functions and their measuring tech- 
niques indicate, certain limitations 
is a job we specialize in at Abrams, This happy couple work on monitoring become quite obvious. 
together to time and control a military type airborne camera As examples, there are at present no 
system. We have performed this coremony many times in the convenient or accurate methods for 
past with happy results and many little off springs. ; : 

When precise timing and control is your problem we will be continuously measuring blood pres- 
happy to help you. No large ceremony involved .. . just write sure, blood flow through specific or- 
gans or regions of the body, cardiac 
output, hormone or enzyme levels, 
cellular behavior, radiation effects, 
INSTRUMENT CORP. 606 E, SHIAWASSEE * LANSING, MICHIGAN, U.S. A. physical and mental stress, and pain. 
Che authors, all medical doctors, have 


TIMERS © PROGRAMMERS *® COUNTERS 
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embarked on a program to identify 
and develop techniques for detecting 
and quantifying some of these elusive 
physiological phenomena. 
Respiration depth and rate— 

estrain gage and _ thermocouple 
Cardiac rate— 

¢ direct electrical input, microphone, 
and strain gage 
Blood pressure— 

¢strain gage and microphone 
Electrical activity of the heart— 

¢ direct electrical input 
Electrical activity of the brain— 

e direct electrical input 
Electrical activity of somatic muscle— 

e direct electrical input 
Ocular movement— 

e direct electrical input 
Oxygen saturation of blood hemo- 
globin— 

¢ photoelectric photometer 
Skin resistance— 

* electroresistive bridge 
Body temperature— 

ethermistor 
Alveolar pCO,— 

¢ infrared CO, analyzer (capacitance 
membrane pressure transducer) 


Metering chemical flow 


From “Development of Agent Flow 
Measurement Methods”, by R. L. 
Hough and W. R. Kane, Aeronau- 
tical Accessories Lab., Wright Air 
Development Div., U.S. Air Force. 
Available from Office of Technical 
Services, U.S. Dept. of Commerce, 
Washington 25, D. C. as PB 
161726, 46 pp., $1.25. 


A highly refined phase-change indi- 
cator, which can measure initial veloc- 
ity and average flow rate of chemical 
agents, has been developed for use in 
aircraft fire extinguishing systems. 
The device is also applicable to 
transient flow hydrodynamic systems. 
Several instrument techniques were 
developed, engineered, and _ tested. 


Simplifying multiloops 


From “A Contribution to the The- 
ory of Multiple Loop Control Sys- 
tems’, by C. Kessler. Regelungs- 
technik, August 1960, pp. 261-266. 
In German. 


Automatic controls are expected to 
satisfy so many diverse requirements 
that it is frequently necessary to de- 
sign multiple loop systems to meet all 
demands. The author describes a 
method of calculating multiple loop 
systems by the cumulative use of the 
known sizing rules for single loop con- 
trol systems. By stepwise structural 
transformations, multiloop systems 
can be converted into single loop con- 
trol systems of the same kind. 
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interchangeable with all 
standard JIC cylinders 


With the introduction of the ALL NEW T-J Squair 
Head, Tomkins-Johnson now offers industry the 
most complete design range of air and hydraulic 
cylinders. Presently available in bore diameters 
from 1-”% to 8 inches, the T-J Squair Head is an 
interchangeable cylinder which produces maxi- 
mum force and efficiency, with minimum pres- 
sures ...and is also adaptable to the use of low 
pressure oil as the working medium. Write today 
to The Tomkins-Johnson Co., Jackson, Michigan, 
for Bulletin #SQ 10-58 and complete details, 


CHECK THESE 10 POINTS OF T-J SUPERIORITY 


. One Piece Piston 


. Hard Chrome Cylinder Bore 
and Piston Rods 


. High Tensile Steel Tie-Rods 


. Cushion Adjusting Screw, 
Externally Adjustable 


. New Super-Cushion for air, 
or Self-Aligning Master Seal 
for oil (T-J Patents) 


. Solid Steel Heads and 
Mounting Plates Standard 
all Models 


7. Port Design Allows Mini. 
mum Pressure Drop on 
Inlet or Outlet 


. Chevron Type, Self-Adjust- 
ing Rod Packing 


. Piloted Packing Gland= 
Absolute Alignment 


. Piston Rod, Extra Strong— 
Polished and Chrome Plat- 
ed for Efficiency and Pro- 
tection 


TOMKINS-JOHNSON 
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can be controlled Symposium report 
by a single handle 


INFORMATION AND DECISION PROC- 
EssEs. Ed. by Robert E. Machol, 
Purdue University. 185 pp. Pub- 

with lished by McGraw-Hill Book Co., 
ESCO Inc., New York. $5.95. 


Type JM & This book contains papers presented 


at the 1959 and 1958 symposiums on 
ROTARY information and decision processes 
held at Purdue. The speakers repre- 
SWITCH. , sented in this volume (10 from the 
4 1959 meeting and two from 1958) 
Manufactured to — de i a have in some cases modified their 
BuShips drawing 815-1853019 “See Y, / papers or rewritten them entirely to 
and Specification MIL-S-21604. Sf, fit the content of the publication. 
z a Nine of the contributors are mathe- 
6 Santen - up to 25 ' 4 maticians, and the other three—an 
» Maaiites up to 12 economist, a philosopher, and an elec- 
© Action detent, 30° indexing trical engineer—have become known 
© Contacts... break-before-mehe or mahe-helere-breck also as mathematicians. Papers range 
@ Rating... 5 amp. 125 volts a-c at unity power factor from Rigg meng imagers ret 
é ing” to “On Some Aspects of Models 
ai ag en oe of Cntiains Behavioral Svstems’’. 
For detailed information Editor Machol has written an excel- 
ask for Bulletin 22. lent introduction, reviewing the past 
two decades in the field and passing 
Jere mim, 4a 4 elena. on to the reader some of the excite- 
SE PS ae pee ment the work holds for himself. 
bac tell Cay Meceschuhetts The book’s quality suffers from the 
fact that, instead of being set in regu- 
lar type, its pages consist of reproduc- 
tions of the typewritten papers, with 


— even some handwritten symbols. 
TOMO aGU ARID 


Us INDICATOR New transistor handbook 
LRAT RAC ROU | ET 
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GENERAL ELEcTRIC ‘TRANSISTOR 
Manuat, J. R. Lowry et al. 329 pp. 
Published by General Electric Co., 
Liverpool, a. 2. Si. 


SHAFT MOTION This new edition of a familiar man- 


INDICATOR ufacturer’s design handbook contains 
PROTECTS MACHINERY updated material including new chap- 
BY INDICATING STOPPAGE is ters on test circuits, feedback 
DUE TO OVERLOADING ‘ servoamplifiers, tunnel diode theory 
OR MALFUNCTION and switching circuits, and tunnel di:- 
A and B: On end return idlers, warn ode amplifiers. Over 200 JEDEC 
if conveyor should break, slow or stop. 

C: On boot pulley, signals slowdown, ee ay le ES 
shenseah diianas Gos to coalned, closest GE type applicable indicated. 
boot pulley out of adjustment. Helps 
prevent fires. 

D: On screw conveyor, warns of slow- ; 
down due to overloading. Prevents [TEMPERATURE MEASUREMENT AND 
damage. Conrro., W. F. Coxon. 314 pp. 
E: On rotary feeder, warns of slow- Published by Macmillan Co., New 
down; prevents plugging damage. York. $12.00 

Roto-Guards can be wired into inter- af 
lock system; stoppage of one com- l'emperature measurement proves 


ponent automatically stops others; necessary in virtually every industrial, 
prevents damage. 


Write for Bulletin RG-21 military, space, and rese: irch endeavor. 
oe or call VAlley 2-6952 As an example of the importance of 


this variable, a survey made some years 


and 


transistor types have been added with 





Valuable recapitulation 
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We Sell Direct + Ph Orders Collect that of these between 16 and 25 per- 

cent devoted over one-half of their 
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measurement activity time to temper- 
ature determinations. 

Thus, while temperature measure- 
ment is by no means “new”, it is 
much used. Therefore a good book on 
this subject should have immediate 
and lasting value for a large number of 
control engineers. Dr. Coxon has pro- 
duced such a book. 4 

Over the years the many ramifica- 
tions in temperature-measurement 
cations grew into an engineering spe- 
cialty, and like other specialties this 
one requires scientific knowledge 
tempered by experience (art, witch- 
craft) for its successful practice. All 
these factors the author has brought 
to his book. 

In choosing the content, Dr. Coxon 
has relied on other ( primarily British ) 
publications on this subject, a matter 
which he acknowledges in the preface. 
To his credit is the way in which he 
has selected, integrated, and organized 
the subject matter with outstanding 
technical and literary craftmanship, 
thereby contributing a most worth- 
while basic text and reference on the 
subject of temperature measurement 
and control. 

Typical of the content are such 
chapters as significant preliminary data 
on heat, the classification and choice 
of the temperature measurement 
method, thermocouples, _ resistance 
thermometers, measurement of high 
temperatures, automatic temperature 
control, and temperature measure- 
ments in practice. The volume is 
replete with useful tabulated infor- 


mation. HRK. 


Useful reference 


ELECTRONICS AND NucLeonics Dic- 
rionary. Nelson M. Cooke, Cooke 
Engineering Co., and John Markus, 
McGraw-Hill Dictionary Dept. 543 
pp. Published by McGraw-Hill 
Book Co., Inc., New York. $12. 


A revision of the 1945 book by the 
authors, Electronics Dictionary, this 
new work coniains definitions of more 
than 13,000 terms used in the elec- 
tronics and nucleonics fields. In ad- 
dition, over 450 illustrations clarify 
meanings of complex terms, and some 
circuits—with circuit values—are even 
starting points for design. 

Definitions are based on standard 
terms as approved by IRE, AIEE, and 
ASA and also include terms not in use 
15 years ago, as in space technology, 
underwater electronics, and others. 
Since it clears up questions of trade- 
marks, spelling, hyphenations and fol- 
lows a consistent policy on compound 
words, the dictionary can be used as a 
style manual for checking terms in re- 
ports, contracts, catalogs, etc. 
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Name Your 
Application! 


Do It Better With Thermo Electric 


Thermocouple Extension 
Cables and Wires 


You can obtain Thermo Electric 
thermocouple extension wire and 
cable in the widest variety of size, 
insulation, type and calibration, for 
your application—with prompt de- 
livery of all standard materials. 


New on the stock list, is the time and 
labor saving ‘““Thermo-Cable;’ from6 to 
56 matched pairs of I.S.A. color-coded 
thermocouple leads, individually in- 
sulated in PVC—collectively wrapped 
in “Mylar” aluminum-backed tape— 
with a tight-fitting PVC outer sheath. 
“Thermo-Cable” is practically imper- 
vious to moisture, abrasion, temper- 
ature, gasses and chemicals. Saves 
you the time, cost and effort of pulling 
individual wires through conduit. 


Individual or duplex thermocouple 
and extension wires are available in 
all standard calibrations—many in 
gages from 14 to 40—insulated with 
Polyvinyl Chloride, cotton lacquer, 
Nylon, Teflon, Fiberglass, Asbestos 


or combinations of these materials. 
Metallic overbraids of stainless steel 
and other high-temperature materials 
provide extra mechanical protection 
and shielding. 


*‘Ceramo”’, Thermo Electric’s metal- 
sheathed ceramic insulated thermo- 
couple wire is used for extra-high 
temperature and nuclear applications. 


Thermo-Electric also supplies thermo- 
couple wires to meet Mil-Spec require- 
ments, 


For information on selecting the right 
wire for your application, 


write today for Bulletin 32-W5-11 


Thermo 
Elect rie oo: 


SADDLE BROOK, NEW JERSEY 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont, 
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NEW STEP MOTOR 
BULLETINS 
DATA SHEETS 
APPLICATION NOTES 


Just out! 


DIGITORK is a totally new, completely 
digital torque-producing actuator that 
responds to discrete increments of 
motion — one step for each pulse. 


It is the first infinitely variable speed 
device capable of maintaining exact, 
constant speeds in frequency ranges 
from 0 to 3 ke. 


Learn how DIGITORK’s unique stepping 


motor principle can solve your problem 
in precision control and power positioning. 


Write today. Digital mofor 


iJ J 
PR of its kind! 
ON THOLS Corer Needham Heights 94, Massachusetts 
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PRECISE SHAFT 
POSITIONING EASY 


RESOLVER TEST STAND 


The new Gurley Resolver Test Stand solves the 
long-standing need for a reliable instrument in 
production tests of resolvers, synchros, potentiom- 
eters and other such equipment. 

The Gurley Model 7530 test stand is a precision 
shaft-positioning device, consisting of an optical 
coincidence reading system with + 2 second accu- 
racy, a rack and gear for precise shaft positioning, 
and an adaptor plate and coupling. 

For an illustrated bulletin, write on ycur letter- 
head to Industrial Division, W. & L. E. Gurley, 537 
Fulton Street, Troy, N. Y. 


W.& L. E. GURLEY 


TROY, N. Y. 
A RA AER a SB 
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From the home of 


Planned Pionecring 
THE MODEL 711 


Ultra Sensitive Strain 
Sensing Elements. 
60-70 times greater 
sensitivity than other 
metal strain gauges. 


FIRST 
COMMERCIALLY 
AVAILABLE 


Strain sensitivity 120-140 
120 Ohm nominal resistance 


Resistance change linear 
with strain. 


Negligible hysteresis 


Suitable for static and dy- 
namic measurements. 


Combination mounting and 
handling fixture with each 
Strainistor. 


Manufacturers of light beam 
galvanometers and magnetic 
assemblies since 1945, 


Conte 


or 


century 


ELECTRONICS & INSTRUMENTS, INC. 


The Home of Planned Pioneering 


TWX-TU 140 Ph Uther 4 


P. O. Box 6216, Pine Station, Tulsa 10, Oklahoma 
* 


Serviced bv Systems Engineering Offices of 
Airsupply - Aero Engineering Division 
of the Garrett Corporation 


Offices in All Principal Cities 
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MEETINGS | 


DECEMBER 


Eastern Joint Computer Conference, 
sponsored by IRE, AIEE, ACM, 
Hotel New Yorker and Manhattan 
Center, New York. Dec. 13-15 

Symposium on Combined Analog 
Digital Computer Systems, spon- 
sored by Simulation Councils, Inc. 
and General Electric Co., Sheraton 
Hotel, Philadelphia, Pa. Dec. 16-17 


JANUARY 
Symposium on Thermoelectric Energy 
Conversion, sponsored by IRE, 
AIEE, et al, Statler Hotel, Dallas, 
Tex. Jan. 8-12 
Seventh National Symposium on Re- 
liability and Quality Control, spon- 
sored by IRE, AIEE, ASOC, EIA, 
Bellevue-Stratford Hotel, Philadel- 
phia, Pa. Jan. 9-11 
16th Annual Symposium on Instrm- 
mentation for the Process Industries, 
Texas A&M College, College Sta- 
tion, Tex. Jan. 26-28 
American Institute of Electrical Engi- 
neers, Winter General Meeting, 
Statler-Hilton Hotel, New York 
Jan. 30-Feb. 3 


FEBRUARY 


Institute of Radio Engineers, Second 
Winter Military-Electronics Con- 
vention, Biltmore Hotel, Los An- 
geles, Calif. Feb. 1-3 

Eighth Annual Intemational Solid- 
State Circuits Conference, spon- 
sored by IRE, AIEE, and Univer- 
sity of Pennsylvania, University of 
Pennsylvania campus and Sheraton 


Hotel, Philadelphia, Pa. Feb. 15-17 


MARCH 


Instrument Society of America, 11th 
Annual Spring Confererce on In- 
strumentation for the Iron and Steel 
Industry, Roosevelt Hotel, Pitts- 
burgh, Pa. March 8-9 

Institute of Radio Engineers, Interna- 
tional Convention, Coliseum and 
Waldorf Astoria Hotel, New York, 
N. Y. March 20-23 

American Society for Metals, 13th 
Western Metal Exposition and 
Congress, Pan Pacific Auditorium, 
Los Angeles, Calif. March 20-24 

Temperature—Its Measurement and 
Control in Science and Industry, 
sponsored by American Institute of 
Physics, ISA, and National Bureau 
of Standards, Columbus, Ohio. 

March 27-3 
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WRIGHT orn onee 
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ATTRACT AND HO 


TECHNICAL PERSONNEL 
TT 


DAYTONA BEACH 
METROPOLITAN AREA 
ORMOND BEACH 

HOLLY WiLL 

PORT ORANGE 

SOUTH DAYTONA 

DAYTONA BEACH shores 


FLORIDA’s 


DAYTONA 
BEACH 


Metropolitan Area 


STRATEGIC LOCATION FOR GROWTH INDUSTRIES 


Daytona Beach, the east-to- 
west terminal on the north- 
to-south route of the projected 
Federal Limited Access Free- 
issue Way System, gives industry a 


TEST plus for the future. 
CENTER 


JACKSONVILLE 


Write for 101 page Brochure 
R. H. MILES, Mgr. 


INDUSTRIAL DEPT. 
CHAMBER OF COMMERCE 
DAYTONA BEACH, FLORIDA g 


ee ee ee 
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wide-range 


REGATRON*® 
POWER 
SUPPLIES 


eee for : * aan 2198 
laboratories with varied requirements 


Wide-range REGATRON Labo- Model 2198 (pictured above) 


ratory Power Supplies: available 
in 0-300, 600, or 1000 volts de 
continuously variable, 0-500, 600, 
1000, or 1500 ma... load regula- 
tion to 0.01% or 0.05 V, negligi- 
ble ripple . . . also 6.3 V ac and 
regulated dc bias outputs. For all 
the reasons why leading labora- 
tories prefer REGATRONS send 
for Bulletin 422. 


Main output: 0 to 600 V de, 0 to 
1000 ma. 

Load regulation: 0.01% or 0.05 V. 
Ripple: 0.0005 V. 

Also regulated 0-150 V dc bias 
supply and 6.3 V ac CT output, 
ten-turn control, calibrated dial 
with 3 volt vernier, modulation 
input., PRICE: $675 F. O. B. 
Eatontown, N. J. 


® Registered U.S. Pat. Off. Patents issued and pending. 





ELECTRONIC 





© 





MEASUREMENTS 
COMPANY, 
EATONTOWN - 


‘*NCORPORATED 
NEW JERSEY 








Telephone: Liberty 2-0300 
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WHAT’S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING readers in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 167. Don’t send 
money with card, we will bill 
vou later. For multiple copies 
write Reader Service Dept. 
Quantity rates will be quoted on 
request. 


506—What You Should Know 
Adaptive Systems, 17 pp 
thing as an 


About 
Is there such a 
adaptive control system? 
What approaches have been taken? What 
does the future hold? ‘These are the ques 
tions the author answers in this three 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basi 
grounding in this ‘atest area of control 
engineer interest. 50 cents 

505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op 
timize the response of relay servos. The 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im 
plementing this theory with hardware for 
second-order and higher-order systems 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac 
teristics of inertial navigators, guidance ra 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zet Dynamics, 8 pp. This package of two 
articles shows how analyzers can introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform 
ance. The instrument used is a differential 
refractometer but techniques can be extra 
polated to other types of analyzers. 40 
cents. 

502—Survey 6f Dynamic Display Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of contro] systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 

; (Continued on page 187) 
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RESISTANCE 
THERMOMETERS 
by REC eeece 


- 435 to+1800°F 


Whether you are concerned 
with temperature measure- 
ments at -435° F or +1800° F 

there is a wide variety of 

REC temperature probes to 
fit your requirements. REC 
specializes in the design of 

high precision temperature 
probes, using highest purity 

platinum resistance elements, 


Care and skill during manu- 
facturing result in strain-free 
probes of highest stability. 


Write for New Catalog No. 
66030 for further information 
on REC's many Temperature 
Probes, Pressure Trans- 
ducers, Pitot-Static Tubes. 


ROSEMOUNT 


ENGINEERING 
COMPANY 
x 
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TAURUS 
PUNCHED 
CARD 

SENSORS ' 


Reads Entire 
Punched Card 
Statically 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard |.B.M. or Remington 
Rand punched cards. 

Each hoie position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 
Used for Automatic Test Equipment and 
other automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Tefion*. “nec 1.™. OF &. 1. OUPONT 


Write tor :REE Descriptive Literature 


P) TAURUS corporation 


8 CORYELL STREET 
LAMBERTVILLE, N.3. 


CIRCLE 203 ON READER SERVICE CARD 
DECEMBER 1960 








Allied Type JP Relay 
Weight: 0.6 ounces 
Actual Size 


The inherent vibration and shock resistance and high 
sensitivity of Allied’s Type JP Permanent Magnet 
Polarized Latching Relay, combined with its ability 
to operate from a short pulse and remain operated 
without holding power, make it suitable for all 
phases of Aerospace applications. 

Because of its latching feature and availability with 
single or double coils, it is also suitable as a logic or 
memory switching element in computers and data 
processing applications. 


OPERATING CONDITIONS: 


Vibration : 5 to 55 cps at 0.195 inch double ampli- 
tude e 55 to 2000 cps at a constant 30g 


Shock : 100g operational 


Sensitivity: JP (single coil) 115 milliwatt maximum 
transfer power ¢ JPA-JPB (double coil) 230 milliwatt 
maximum transfer power 


Contact Rating: Non-inductive—2 amperes at 
29 volts d-c or 1 ampere at 115 volts a-c 
Low level contacts are available on request 


© ALLIED CONTROL © 


ALLIED CONTROL COMPANY, INC. 
2 EAST END AVENUE, NEW YORK 21, N. Y. 
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SIMULATE PHYSICAL SYSTEMS 
“ IN REAL TIME OR 
SAE REPETITIVELY 

WITH... 


Applied Dynamics 
Analog Computers 


AD-1 Series analog computers are available 
with from 4 to 64 amplifiers for solution of vari- 
ous types of linear and non-linear equations. 

The AD-1-64PB features a removable prepro- 
grammed patchboard with up to 64 stabilized 
amplifiers, 80 coefficient potentiometers, 16 multi- 
pliers, 8 function generators, and 20 diode net- 
works. 

The AD-1-32 and AD-1-16 feature a fixed 
patchboard system with up to 32 and 16 ampli 
fier capacity and non-linear equipment for maxi- 
mum economy. 

AD-1-64PB Modular design permits flexible arrangements 
to suit various operating requirements. 
Send for technical folder 
Dynamics, Inc. 
moar instrume t £< as 
MICHIGAN 
Specialists in Industrial and Process Instrumentation and Controls 
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Teflon* Stops Plunger Sticking ! 
use 


the MACK phaertitron 


(pronounced fair-tel-tron) 


MERCURY RELAY 


(Reg. U.S. Pat. Off.; Other Pats. Pending! 


WE WANT 
INDIVIDUAL 


SALES ENGINEERS! 


SELF-EVIDENT? No sir. We think it 





the only mercury relay with a Teflon” 
plunger-bearing surface. It assures swift 
silent, positive responses increases an 


to assist in sales of telemetering and already long life 


needs emphasizing, and we're here to 
emphasize. 


We have several current openings for 
individual sales engineers who want to 
step up on their own, take on more per- 
sonal responsibilities, accept the better 
rewards. 


We need the right sales engineers to 
represent our company to customers, 


supervisory control devices for utilities 
and pipe-line projects, to direct sales, 
to guide our sales representatives. About 
25% travel, 75% Minneapolis home office. 


QUALIFICATIONS: EE degree, one to 
three years experience, strong interest 
in sales-oriented work, above-average 
ability to accept responsibility without 
constant supervision. 


Ready for individual career benefits? Call, wire, write: 
MR. B. R. KLUNE 


CONTROL CORPORATION 


a subsidiary of 


ai CONTROL DATA 


living’s 


CORPORATION © |™@ 


501 PARK AVENUE + MINNEAPOLIS 15, MINNESOTA 
FEderal 9-0411 


Wherever extremely long life and reliabie per- 
formance are the primary considerations, you will 
find a MACK Phaertitron mercury relay .. . a 
quality component of superior dependability for 
instrumentation. 


For additional information and a test sample, 
write, wire or call 


VIL Electric Devices, 


Inc. 
Box 98, WYNCOTE, PA. Phone: TUrner 4-8123 
“Du Pont trade name for Tetrafluoroethylene Resin 
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devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision — 
transducers: pin-and-pawl mechanism, 
magnetic bench-mark system, resolver- 
type transducer, electrostatic transducer, 
coded-disc devices, and diffraction gratings. 
30 cents. 

500—Ready Reference Data Files—I, 
II, If, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Contro1 
ENGINEERING through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

499—Ready Reference Data Files—III, 
28 pp. Includes the third dozen Data 
Files published in Controt ENGINEER- 
inc. Topics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—Il, 
24 pp. Includes the second dozen data 
files published in Controt ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicou 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. A must for every control engineer's 
library. Includes the first 12 data files 
published in Controt ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature 
measuring systems. Each one gives a 
method of solving a particular problem. 
50 cents. 

496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 

495—Transparent Template for Design- 
ing Servo Compensators, November 1959, 
3 pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data 
File outlining development of template 
and showing its use through sample 
problem. 75 cents. 

494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice 
Eight simple rules make locus construc 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how to 
use locus techniques with multiloop sys- 
tems. 45 cents. 

493—Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those who 
order all three parts (I, II, and III) of 
Analysis Instrumentation Series: 17 per 


(Continued on page 189 
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how do you play 
the numbers game? 


The current numbers game consists of seeing how many components 
you can wedge into a small space. But there’s a catch to it. 


Some circuit modules may seem small until you string them together 
and find that interconnections and supporting structure take more 
space -‘than the modules themselves. That's why it’s important, in 
evaluating miniaturization, not to consider the module size alone, but 
to be concerned with the over-all size, including module, interconnec- 
tions, and supporting structure. 


New EECO MINIWELD circuit modules are designed with over-all 
system size in mind. They offer optimum miniaturization not only of 
modules, but also of interconnections and supporting structure. Add 
to this the reliability of proven circuits incorporating readily available 
standard catalog components rather than hard-to-get specials, the 
superior strength of welded rather than soldered connections, and you 
have an unbeatable combination of advantages. 


ENGINEERED 
ELECTRONICS 


Write, wire, or "phone today for detailed information 
on the revolutionary new MINIWELD space-saving 
package. 


ENGINEERED ELECTRONICS COMPANY 





Compony 


1441 EAST CHESTNUT AVENUE + SANTA ANA, CALIFORNIA 
Kimberly 7-5651 





the New Jerguson 


——— i MAGNETIC 
ioe wae ¥ | G AG E 


Globe Type FC planetary gearmotors are only %4 as big as the 
right-angle gearmotors they can replace, yet they give you: for 
1. the same or more torque, 2. 101 standard gear ratios instead 
of the handfull usually available, 3. 5 to 7 times the life > liquid 
even with high inertia loads, 4. the ruggedness to meet MIL 1 " 
specs at a cost competitive with motors that can’t. If you cP evels 
don’t have rigid environmental requirements Globe can furnish 
a commercial version in production quantities at a further 
saving. If you design with fhp gearmotors, investigate now. 
Globe has available for immediate shipment prototypes of 
the Type FC, 115 v.a.c. 60 cycle hysteresis synchronous motor 


in the following gear ratios: 352.6:1 (10.2 rpm, 160 oz. in. 
out), and 27.94:1 (64.4 rpm, 19 oz. in. out). For 115 v.a.c., 
400 cycles: 216:1 (55.5 rpm, 120 oz. in. out). Other variations 
including d.c. furnished promptly. Request Bulletin FCP from 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 


An important advance- 
ment in liquid level ob- 
servation for plants with 
dangerous explosive or 
inflammable conditions. 


Safety design 


seals against 
escaping gases. 


TTT TLL 


fcqmel-j-— INDUSTRIES, 
INC. 
Measuring mechanism 
in stainless steel 


chamber. 
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Scale mounted outside 
chamber; 
magnetically 
actuated 
through chamber wall. 


INERTIAL Distinct, 
SYSTEM accurate level 


shown in red 
INTEGRATION contrasted with 


silver above. 
Can you measure a move- 


ment several thousand . 

times slower than the hour Job designed, 
hand of your watch? With correlating pressure, 
the skills of an expert temperature, and 
organization behind you, 1 specific gravity. 
could you design and 

develop your own test Available with 
methods, equipments, and | Patented electric alarms. 
procedures? These would 

be for the evaluation of Can also be used 
servo, gyro, and accel- for interface 
erometer performance and indication. 
early prototype inertial 
systems, and would in- 
clude precision voltage 
analog measurements. 
Write Mr. Donald Krause. 


Write now for engineering sheet 
on Jerguson Magnetic Gages. 


JERGUSON 


Gages and Valves for the 
Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 
Offices in Major Cities 








LITTON SYSTEMS, INC. Guidance & Control Systems Div. 
Beverly Hills, California 
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HASTINGS AIR METERS 
FOR HIGHEST ACCURACY 


From the very low speed flow of air in 
agricultural research—to the balance of 
flow in heating and air conditioning in- 
stallations—to the measurement of air 
speed for missile testing—the accuracy 
and rapid response of HASTINGS Air 
Meters sets the standard. These are but 
a few of the wide variety of applications 
where HASTINGS instruments measure 
the flow of air—as low as 5 fpm—as high 
as 200 mph. HASTINGS Air Meters, 
with patented heated thermopile compen- 
sated for temperature and rate of change 
of temperature, are specified for maxi- 
mum accuracy, stability, response. 

¢ Model B Air-Meter is a dual-range, in- 
dividually calibrated, ‘highly accurate in- 
strument. Provides for use with recorder. 
4” indicating and 4” current set meter 
for continuous calibration check. Range 
0-20,000 fpm (or 200 mph on special 
order). Switching unit for multi-probe 
operation available. Available with direc- 
oe or aia 

tional probes. 

¢ Hand - Portable 7 
Model G with ex- 
panded scale pro- 
vides excellent read- 
ability in low ranges. 
Compact design. No 
moving parts to key 
break down or re- 

quire maintenance. 
Battery operated 
power pack avail- Model P-7 
able as accessory. directional 


Range 0-6000 fpm. ay pales ase 


For more detailed au instattetion. 


information on these 
or other air meter 
instruments, write 
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cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

492 — Analysis Instrumentation — III — 
Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes last 
nine articles of Analysis Instrumentation 
Series. 90 cents. 

491—Analysis Instrumentation—II—Re- 
fractometers, Infrared Analyzers, Ultra- 
violet Analyzers, Colorimetry, 32 pp. 
This includes the second group of four 
articles of the Analysis Series. 60 cents 

490—Analysis Instrumentation—I—Nu- 
clear Magnetic Resonance, Chromatog- 
raphy, Radioactivity, 32 pp. Reprint 
consists of first 4 articles of Analysis 
Instrumentation Series: a general introduc- 
tion and detailed discussions of the three 
analysis techniques. Emphasis is on basic 
principles, practical tips, and the use of 
these techniques in automatic process con- 
trol. 60 cents. 

489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This reprint covers a broad 
selection of multivibrator circuits. 45 
cents 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 
487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi- 
speed ac actuators actually take many efh- 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys- 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current coup- 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint takes a fresh look at the problem 
of specifying process flow control valves. 
The author gives rules for selecting the 
right valve characteristics based on static 
and dynamic considerations, takes into ac 
count the influence of piping on valve per- 
formance, and tackles the problem of siz- 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
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FOR SERVO APPLICATIONS 


SPECIFICATIONS* 





101 103 

) | +0006 |= + 0.008 
0.650 07% 
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*Rotary output, dry-coil and 
high temperature models 
available. 





Write on company letterhead for free 
bookiet on Torque Motor Applications to: 


AMERICAN MEASUREMENT & 
CONTROL, INC. tWinbrook 4-6212 
240 Calvary St.. Waltham 54, Mass. 


for Catalog No. 400. 
trol, 12 pp. Although high powered 


HASTINGS-RA YDIST, Inc. synchro-tie systems have been around 


Wiis Ciseisels Hides for a long time, only recently has enough 
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Six sizes... all 
variable speed, explosion-proof , 


GAST =: AIR MOTORS 


Need compact, low cost power? For plant 
use and original equipment applications, 
Gast rotary-vane Air Motors offer these 
distinct advantages: HP. at 
bite Model 90 PSI Weight 
1. Explosion-proof power. No danger! _No. 2000 RPM __Ibs. 
2. Low initial cost per rated h.p. _TAM___0.13 Ae 
. Variable speed with valve control. _2AM__0.57 z 
. Can't burn out from overloads. _4AM 11 
. Vanes take up their own wear. 6AM oa 
. Reversible rotation (opt.) 5 sizes. 8AM 40. : 
. Very compact — light in weight. 16AM 7.0 
- Top-quality ball-bearing design. 
Gast Manufacturing Corp. Write for Bulletins — specify models! 
P.O. Box 117-I. 
Benton Harbor, Mich. 





TYPICAL 
PERFORMANCE 











me GAST 
@ AIR MOTORS TO 7 HP 
@ COMPRESSORS TO 30 P.5.1 
@ VACUUM PUMPS TO 28 IN. 
“Ale ‘Ale may be = answer!" 


nel is 


CIRCLE 209 ON READER SERVICE CARD 





COMPUTERS AND 
CONTROL SYSTEMS 


@ AIRBORNE DIGITAL EQUIPMENT 

@ NUMERICAL MACHINE CONTROL 
@ HYBRID ANALOG-DIGITAL SYSTEMS 
@ ADVANCED TECHNIQUES 


Engineers and scientists needed with experience in all phases of 
analog and digital computer design. Systems organization, logical 
design, transistor circuitry, magnetic core and drum memories, 
input-output equipment, packaging. Also advanced techniques 
such as tunnel diodes and thin films. Applications include 
airborne digital equipment, numerical machine control, and 
hybrid analog-digital systems. Both commercial and military 
applications, emphasizing advanced development and research. 
We think you will find this work unusually stimulating and 
satisfying. Comfortable and pleasant surroundings in suburban 
Detroit. 
If interested, please write or wire A. Capsalis, 
Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. 


Research Laboratories Division 
SOUTHFIELD, MICHIGAN 














mematic reluctance 
PRESSURE 
TRANSDUCER 


Ranges: 1 to 1,000 psi — Gage, Differ- 
ential or Absolute. 

Pressure Media: Corrosive liquids and 
gases, both sides. 


Insensitive to Shock and Vibration — 
Not oil filled. 


Withstands Extreme Overpressure. 
PACE's P21 Transducer (only 1 3/32” 


square) is miniaturized for missile, rock- 
et and aircraft flight installations. 


at VO = 


engineering company 
13035 Saticoy Street 
North Hollywood, California 


TRiangle 7-7139 
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N wil a “Four-Ways 
Better” 


THERMOCOUPLE™+ 


V 1. Response time of less 
than 10 microseconds! 
V 2. Maximum continuous 
service temperature 
of over 2000°F! 
V 3. Operating pres- 
sure range to 
50,000 psi! 
V 4. Sensing tip 
has_ unlim- 
ited life! 


Revolution- 

ary design 

uses thin 

flat ribbon 
thermocouple 
wires and mica 
insulation of 
.0002 inches 
thickness. Oper- 
ational under ex- 
tremely high ve- 
locity and pressure 
conditions. 


AVAILABLE IN 
ALL STANDARD 
THERMOCOU- 
PLE ELE- 
MENTS. 


For complete 
details and data on 
other models write: 


NANMAC CORPOR ATION ( 
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FROM PHILBRICK: 
10 stabilized 
amplifiers 

in one supremely 
versatile manifold! 





STABILIZED OPERATIONAL MANIFOLD 


MODEL K7-A10 


Contains 10 USA-3 Universal Stabilized 
Amplifiers. A precision instrument of 
unusual versatility. Permits fast, eco- 
nomical set-up of many instrument or 
computing configurations. Ideal as a 
low cost computor, with unusual flexi- 
bility as a “simulator” of large scale 
systems. Also well suited for industrial 


or production line test 
equipment applications. Price, 12 00 


i ee 


POWER SUPPLY — MODEL R-300 


As a power source for the K7-A10, we 
recommend this 300 ma regulated 
power supply, because its exceptional 
regulation and sub-millivolt noise allow 
it to serve also as a high accuracy 
reference voltage. Due to its ultra- 
conservative ratings, the R-300 will 
allow the K7-A10 to operate indefinitely, 
even under full load condi- 

tions (350 ma). Price, 5390 
¢ Available from stock 


© Military equivalents available 
¢ Technical data available on request 








GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 
285 Columbus Avenue, Boston 16, Mass. 
COmmonwealth 6-5375, TWX: BS1032, FAX: BSN 
Representatives in principal cities 
Export Office: 135 Liberty Street, New York 6, N. Y. 
Tel. WOrth 4-3311, CABLE: TERMRADIO 
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REPRINTS cont'd 


| experience been logged to put their de- 
| sign on a scientific, rather than cut-and 
try basis. This reprint examines the types 
of motors that can be used in the light of 
| the application characteristics, and con 
| siders the special circuit designs that are 
| required. 30 cents. 
484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work 
ig system designers, on a practical rather 
than theoretical basis. It tells how to con 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn 
thesize nonlinear systems using phase- 
plane techniques. 50 cents. 
483—Economics in Control, December 
1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 
482—Static Switching Devices—New 
Tools for Industrial Control, May 1957, 
28 pp. An independent consultant an 
alyzes the complete field of industrial 
static-switching systems. Starting off with 
a review of basic switching logic, he covers 
circuit characteristics of the fundamental 
devices, commercially-available systems, 
actual applications, etc. 50 cents 
480—Selecting and Applying Control 
Timers, 24 pp. <A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for selecting 
and applying control timers, a tabular list 
ing of available timer types and their char 
acteristics and techniques for custom-de 
signing controls for time-based routines. 
50 cents. 
478—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu 
lators. Typical circuit diagrams, character 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents. 
477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con 
troller Actions, Modifying Valve Charac 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure 
ment. 5U cents 
476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use 
ful reference for control engineers con 
cerned with process simulation. 15 cents 
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~ RELAYS with 


Golden 
Performance... 


PRINTED 
CIRCUIT TYPE 


OPEN TYPE 


Because each contact face is gold 
flashed you'll never have a corro- 
sion problem with our Series MK 
General Purpose Relays. This 
gives them extended shelf life. 


Furthermore, MK coils, custom 
made in our own plant are the 
finest available and set the stand- 
ard for the industry. 


Each MK Plug-in Relay is punch- 
card inspected and every relay is 
performance tested (150 times) 
before shipment. 


All this means reliability in every 
sense of the word. Write today 
for our new catalog containing 
our complete line of relays. 
Mailed free on request. 


SERIES MK SPECIFICATIONS INCLUDE: 

Up to 3 PDT in all types 

Coil Resistance to 20K ohms/DC 

Temperature ranges 45°C to 84°C (DC) 
45°C to 55°C (AC) 

Color-coded housings for plug-ins. 





ELECTRIC 


LINE ELECTRIC COMPANY 


| AFFILIATE 


241 RIVER STREET 
ORANGE, NEW JERSEY 
¢ INDUSTRIAL TIMER CORPORATION 
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ALL Digits ry LINE 


CAN BE 


READ FROM DIGITAL 
re “ADOYyT 


featuring 


ONE-PLANE PRESENTATION 
Series 10000 


Over 1000 
firms throughout 
the world in just a 


COMPLETE few years prove 
unprecedented 
$ 00 acceptance of : 
IEE digital 


QUANTITY PRICES readouts. 
' ON REQUEST 
Nuclear Rocket Controls A 


Binary-To-Decimal WRITE TODAY FOR 
Decoders Available. compLete SPECIFICATIONS 


CAREERS FOR: PT lees 
MECHANICAL ENGINEERS 


ELECTRO-MECHANICAL ENGINEERS CIRCLE 213 ON READER SERVICE CARD 


APPLIED PHYSICISTS Your Postmaster, 


ROBERT K. CHRISTENBERRY, 


in research—development—desigi Suggests: 


Opportunities exist at Bendix Research Laboratories for for faster and more efficient 
stimulating work in the following areas: Fluid Power 
Servo and Dynamic Analysis * Hydraulic and Pneumatic e- * , 
7 ’ aw “A.B.C.’s f good maili habits! 
Servo Controls © Thermodynamics and Heat Transfer ¢ Hot er ee ee 
Gas Devices © Material, Lubrication, Wear and Friction. 


You will find this work unusually stimulating and satisfy- postal delivery zone 
ing. Comfortable and pleasant surroundings in suburban A i 


postal service ... learn the 


Detroit, with opportunity for advanced study at nearby number helps speed 


universities. your mail! 


certain to include your 
return address on all 
letters and packages! 


| that the delivery 
address is correct and 


complete! 


q 


Tape Controlled Milling Machine Hydraulic Servo Motors 


If interested, please write or call (collect) A. Capsalis, 
Research Laboratories Division, The Bendix Corporation ] 
Southfield, Michigan. Phone: KEnwood 7-3300 anc 


Mail Early in the Day 


ie Tay! 
Research Laboratories Division i Oe —It’s the Better Way! 


SOUTHFIELD, MICHIGAN 
REE eee 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, etc. 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


NATIONAL DISPLAYED ———RATES——— UNDISPLAYED 
The advertising rate is $42.80 per inch for all advertising ap $2.10 per line, minimum 3% lines. To figure advance payment 
pearing on other than a contract basis. Contract rates quoted count 5 average words as a line 
on request Position Wanted—The rate is one-half ¢ the abun, Guveiik 
in advance 


An advertising inch is measured %” vertically on a column—3 Box Numbers—counts as | line 
columns—30 inches to a page. Discount of 10% if full payment is made in advance for 4 con 
secutive insertions 
Subject to Agency Commission. Not subject to Agency Commission 


Send NEW ADS or Inquiries to Classified Advertising Division of CONTROL ENGINEERING, P. O. Box 12, N. Y. 36, N. Y. Jan. issue closes Dec. 2nd. 














ADDRESS BOX NO. REPLIES TO: Box No. 


"Gena to once newret oa MOTOROLA—Phoenix Expanding Opportunities in 


NEW YORK 36: P. O. Bow 12 


. ¥ 9 , ic ” se . ,¢ ° 
OO Se ichsoe jae en 4° Immediate Opportunities industrial 
” 
POSITION VACANT for ENGINEERS Instrumentation 


Exploration Research Division of major oil In a new Industrial Department ith R } 6 
WwW e 





company desires a mechanical engineer with 
M.S. or B.S. degree and applicable experi- | © As members of a small group 
ence. Principle requirement of this work ; ; i i 

would be in dynamic analysis of mashnaient Working with advanced solid state tech- = Rengaens Snstrumess Gama, @ 
instrumentation systems and hydraulic servo niques for telemetry and process control division of the Schiumberger 
systems. Some structural design for medium With Corporation, is rapidly widening its 
duty mobile equipment would also be en- ¢ “ , research and production activities 
sveunenet, Reply to Director, Exploration profit-sharing security to include the abilities of more 
esearch Division, Continental Oil C any, : . i rs and scientists. 
Saaan, OG, Geet, ee Transducer Design Engineer — Respon- SUNS GAGES an 

= - sibility for the production design of a Challenging openings 

SELLING OPPORTUNITY AVAILABLE new line of transducers for industrial | | now exist for: 


application. Thoroughly fomiliar with 
Representatives desired by manufacturer of oy 


Industrial Electronic Instruments and Con- practical mechanic design aspects of ELECTRONIC DESIGN 


trols. RW-5648, Control Engineering. precision electro-mechanical devices for 
= =—— | | measuring pressure, differential pres- ENGINEER 
POSITION WANTED sure, temperature, etc. Pertinent ex- 
_ perience, industrial or military, will be BS or MS/EE with a minimum of 5 
Control Systems Engineer: Aggressive. 10 considered } years experience in tube and transistor 
—— control systems experience in chemical . circuit design. You must have 
Ss * . . . . aa “ 
trol & comprehensive information procensine. Mechanical Design Engineer—Skilled in the ability to analyze continuous 
Challenging position sought with aggressive techniques of production design of and pulsed circuits and be able 
firm in Systems Engineering & Controls, small electro-mechanical devices. Indus- to develop original designs. 
Ltt «(Paes trial experience preferred. At RIG you will design advanced 
circuitry and control instruments an 
: Transistor Circuit Design Engineer—Ex- establish sub-system specifications. 
LEGAL NOTICE perienced in design techniques of all You must assume project responsibility 
| | types of transistor circuits for economi- through prototype stage. 
STATEMENT REQUIRED HY THE ACT OF AUGUST cal production. Prefer experience in | | 
‘SAMO $ 1dee A gUER 2. FE gg &. || industrial area, but pertinent military INSTRUMENT 
9, United States Code, Sec 233 i i i 


SHOWING nie OWNERSHIP, experience will be considered. 


MANAGEMENT, | be 
CIRCULATION» Send complete resume to 


Of Control Engineering, blished mo: t j j i 
uri wae ee CHUCK SWARTWOUT BS in either Mechanical or Chemical 


1. The names and addresses of the publisher, editor, Solid State Control Dept. Engineering, Engineering Physics or 
managing editor, and business managers are: Published Physical Chemistry with 3-5 years 
by MeGraw Hill Publishing Company, Inc. 330 West MOTOROLA, INC. experience in instrument design and 
* , * os a ae 7 gs e Mi . . . ri / 
Vannah, 33) West 42nd. St... New York 36, N. P. O. Box 1417, Scottsdale, Arizona application for the process industries 
Managing siaiitor, 5, Ladgerwood, 3 30 West 42nd You must have creative ability in— 
Bk tod ane tie en ene ONY. reducing ideas, theory and inventions 

2. The owner is McGraw-Hill Publishing Company, to practicality. You should have 
Inc., 330 West 42nd St., New York 36, N. Y. Stockholders ASSOCIATE RESEARCH DIRECTOR knowledge of selection, application 
holding 1% or more of stock are: Donald C. MeG $20,000 PER YEAR and maintenance of process control 
Willard T. Chevalier, Trustees under Indenture of ‘ 
Trust m/b James H. McGraw, dated 1/14/21 as Advanced degree electronics, as well as an estab- instrumentation 
modified; Donald C. McGraw & Harold W. MeGraw lished reputation in sophisticated analog design. 
Trustees under an Indenture of Trust m/b James H. | a ge or gee B agro vend ae —— low send resume to 
McGraw, dated 7/1/37 as amended; Donald CC. McGraw, evel equipment an emetry systems ompany — , . 
individually: Estate of Mildred W oye oe Donald ¢ client assumes all employment expense. Send Director of Engineering 
MeGraw and Catharine McGraw Rock, Executors; resume in complete confidence. P.O. Box 337 

N 


+0 West 42nd Street New York 36, I =. } ~~ ESQUIRE PERSONNEL 


excellent growth potential and 











"Me *hren 3} Arenas St., LaJolla, Calif; j inol 
Fund, Inc.. 63 Wall St., New York, N. ¥ 1 202 S. State Street Chicago 4, Illinois 
Co P. O. Box 491, Church St. Station, ° 
N. Y.; Touchstone o., ¢/o Wellington Fund, Inc., 
Claymont, Delaware 








The known bondholders mortgagees, and other 
security holders owning or holding 1 percent or more 
of total amount of bonds, mortgages, or other securities 
are: Non 


Par axraphs 2 and 3 include, in cases where the e Be: 4 Ridgefield 
Ider or security holder appears upon the books of N | E 7 - 

“on pany as trustee or in any other fiduciary rela ee n neers! : Connecticut 

, the name of the person or corporation for whom suct | Be 

trustee is acting; also the statements in the two para 5 Division of Sc hlumberger 

graphs show the affiant’s full knowledge and belief as to 

the circumstances and conditions under which stock | sengstaets FR 


holders and security holders who do not appear upon the | : 
books of the company as trustees, hold stock and securi | Contact them through this 


ties in a capacity other than that of a bona fide owner PHYSICIST 
5. The av re number of © *s of each issue of this 

pub lication sold 7 ‘distributed through ‘the tana ne Bs d ced 988.000.604.089 This ff h 
otherwise, to paid subscribers during the 12 months | ° or advance legree in physics. s firm has 
preceding the date shown shove was: $1,116 | EMPLOYMENT OPPORTUNITIES section had a dramatic growth offering diversity of work 
McGRAW-HILL PUBLISHING COMPANY. IN( in over 20 R&D contracts and a multi-million dol- 
By JOHN J. COOKE, Secretary lar backlog. Beautiful suburban country, near col- 





lege facilities. Fee 


paid 
Sworn to and subscribed before me this 15th day of CON TACT LEW MUSGRAVE 
September. 1960. 


— — — MONARCH PERSONNEL 
see JANET A. HARTWICK. 28 East Jackson Bivd Chicago 4, iinois 














(My commission expires March 30, 1961) 
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Control Engineering INDEX 


VOLUME 7...JANUARY—DECEMBER 1960 


(WN) What’s New 
(IP) Industry's Pulse = Unless_ otherwise designated, items are feature articles or Ideas at Work. 


A Analysis Instruments coding and decoding matrices. Arthur 


Freilich .... June 
\utomatic analyzers convert yeast plant Fail-safe circuit for high ed transfer 
ail-sa gh-spe ‘ 


to continuous operation. Sher & M. A. Keasal Jr. Nov 
Air expansion powers new actuator. _Rodger . . Sept Gas diodes indicate and remember. 
H. W. Kogan .. | Aug. Chromatography steps up the pace vo) = =e Dec. 
Choosing the actuator for linear feed (WN) July Precision differential capacitors for ana- 
hydraulic servos. C. K. Taft... .Feb. Infrared analyzer controls hydrocarbon 
Compensating dc motors for fast  re- extraction process. D. M. Stagg & Simple analogs for useful nonlinearities. 
sponse. S. W. Harris 3s eee. BS _ others . cores ‘ Dec Kovach & Comley Nov 
The strange new ball motor. E. R. Keeping sample lines hot. E. A Single time-shared drive positions two 
Laithwaite ; “% Jan. : Houser June axes. G. W. Younkin Aug 
Two new ways to vary induction motor Polaris propellant—first continuous pro- * Three analog computer circuits for the 
speed. E. R. Laithwaite. . . July‘ duction (WN) -Oct root locus. Gordon Carden Apr. 
Unique electric thruster uses two mo Sizing analyzer sampling lines. E. A Two line hydraulic diagrams. George 
tors. D. L. Schrader .........June _ Houser \ug Stelmach ...... aye . .Dec. 
Spectrometer directs maintenance pro- 
gram (WN) June 
Adaptive control Stream analyzer dynamics, R. L. Gran- Coding of data 
tom & others (ras 

Part I: Testing techniques and ap- Eliminating diode redundancy in en- 
paratus ; Mav coding and decoding matrices. Arthur 
. Part II: Refractometer response to Freilich vee . .. .June 
Part II: Mechanizing the adaptive temperature and —_ composition Forward-backward counter for the Gray 
principle . Oct. change _. July code. G. D. Beinhocker Feb. 
Part III: Generalizing the adaptive What eddy currents reveal about Techniques and equipment for digital 


principle --. Dec. metals. Richard Hochschild . .. Mar. data conversion. R. F. Shaw Mar 
Duplicating the performance of bio- 


logical systems (WN)... Oct. 

Simple adaptive controller combines Automatic Warehousing Components 
high stability, high accuracy. Karl 
Eklund acre ok Apr 


Actuators 


log multiplication. W. F. Hay. . June 


Adaptive principle. J. E. Gibson 
Part I: Making sense out of the adap- 
tive principle ... ; Aug. 


Electronic warehouse (WN) Feb The acceleration switching valve still 

Static switches run a sugar warehouse has advantages. M. E. Moore. . June 

Giacomelli & Bullock May 3 Air expansion powers new actuator 

Air traffic control TV and magnetic tape speed Air Force H. W. Kogan a 

warehousing (WN) Paar Better inertial indicators for attitude 

and heading. J. M. Slater Feb 

Cold gyro approaches perpetual motion 

B (WN) . Mar 

Evaluating today’s proximity switches. 

Aircraft Business control J. M. Morgan Apr 

Cc : Fast component tester checks itself too 

The aircraft industry shudders (IP) vomputer keeps tabs on work in proc- Saul Liss Sept 

Jan om E. 'W. Cannon Sept Fluid computing elements open new 

Better inertial indicators for attitude Controlling production paperwork L H doors in control (WN) Mav 

and heading. J. M. Slater . Feb. Young SS cows Sept. The gyroscopic mass flowmeter. M. M 

The system characteristics of modern Manufacturing control with a 705. J. M. Decker May 
guidance techniques—report. Dr. C : Cherba ; y May Incremental servos. S. J. Bailey 

J. Mundo j Aug. lotalisator for retailer’s paperwork Part I: Stepping vs stepless con- 

Test fixture aids design of fuel control F WN) , Nov trol Nov 

ler. H. S. D. Yang Tuly Using corporate models for business 

Wind tunnel interrupts 709 for fast _control H. R. Karp ; Sept 

deta seduction. T. Mi. Bellan.. .Dec. Using electronic adding machines as 

Wright-Patterson shifts gears: aircraft cheap ADP system components. J. F 

control spills over into space (WN) Sharp « Nov. 

Mer 2 Wind tunnel interrupts 709 for fast 

data reduction. T. M. Bellan. . Dec. 


Holland builds Europe’s most mech 
anized air trafic control center 


Part II: Operation and analysis. . Dec 
Mechanical control cams. H. A. Roth 
bart . June 
Mechanical power amplifier boosts 
torque, transmits position I \ 
Zahorsky . Feb 
Novel caging scheme makes versatile 
: stable platform. M. Selvin Apr 
seen Cc PNPN L er-ecqglie er and triodes 
Electronic J. M. Goldey Oct. 
Selecting amplifiers for high-perform- Cireuits Precision differential apacitors for 
ance servovalves. R. E. Claf analog _ multiplication W. F 
Sree Nov Circuits for high-ambient, differential ere June 
Mechanical pressure measurement. G. J. Moyni- Shaft angle digitizer needs no brushes 
Mechanical power amplifier boosts han j ooo SADE. C. J. Wayman Aug 
torque, transmits position. L. A Counting pulses within the magnetic Short guide to military synchro specs 
Zahorsky . ; Feb hysteresis loop. T. R. Nisbet... Nov. Oppenheim & Sachs Mar 
Pneumatic Don't overlook POSITIVE feedback. 6 transducers for precision position 
Fluid computing elements open new William Scharf ; Nov 5 measurement. J. O. Morin May 
doors in control (WN) .. May Eliminating diode redundancy in en- Skewed-axis gears for low backlash 
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W. C. Macfarland Jan. 145 
The strange new ball motor. E. R. 
Laithwarte gh Jan. 131 
That amazing semiconductor _ busi- 
ness (IP) ...-May 91 
Three magnets make simple linear to 
rotary converter. J. J. Dietz. ..Dec. 131 
Transistor-relay hybride for close-differ- 
ential switching. A. N. DeSautels 
Apr. 151 
Tunnel diode—will it fit into control? 
ca! ee ; Se ee 
Welding control uses new components 
(WN) 


Composition measuring (see Analysis instru- 
ments) 


Computers 


Analog 
Analog solves 


locus 


setup polynominals. 
plots root automatically 
Leon Levine mr Oct 
Mechanical control cams. H. A 
Rothbart : June 
Simple analogs for useful nonlineari- 
ties. Kovach & Comley Nov 
Three analog computer circuits for 
the root locus. Gordon Car- 
eee Apr 
Digital 
\ comparison of integral and incrte- 
mental digital computers for proc- 
ess control applications. F. L. 
Braun PRS epee Jan 
Computers unfold the secrets of hu- 
man behavior. L. H. Young.. .Oct 
Digital computer runs hot plate mill. 
Cliff Burdick a5 eee 
GE’s plunge into data processing 
(WN) . 5b July 
GP computer designed as a system 
component (WN) May 
New computers debut: G-20, desk- 
size unit (WN) Apr 
RCA’s new computers raise curtain 
on three C’s (WN) June 
The story of an ultra-reliable com- 
puter. A. P. Hendrickson July 
Using electronic adding machines as 
cheap ADP system components 
J. F. Sharp Nov 
Special purpose 
Computer rescues the voting process 
W. D. Bell Feb 
Computers unfold the secrets of hu 
man behavior. L. H. Young. .Oct 
Digital computer runs hot plate mill 
Cliff Burdick Jan 
Electronic warehouse (WN) Feb 
A unique analog analyzer for non 
linear systems. W. H. Alliston 


Dec. 1 


Computing control 


Bringing hot strip mills under auto- 
matic control. Bristol & Kraft. . Sept 
Closed loop computer control at Lu 
ling. Eisenhardt & Williams. . . Nov 
A comparison of integral and incremen- 
tal digital computers for process con- 
trol applications. E. L. Braun. . Jan 
Controlling a thermal cracking furnace 
with a digital computer. J. R. Par 
sons & others Sept 
Cyanamid’s approach to computer con 
trol. Herbert Grohskopf Feb 
Digital computer runs hot plate mill 
Cliff Burdick Jan 
Evaluating control system payout from 
process data. T. M. Stout Feb 
Goodrich eases into computing control 
(WN : Apr 
The missing market in computing con 
trol (IP) Nov 
Russian train computer controlled. G. 
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Kononenko Apr. 
Standard takes three giant steps in com- 
puting-control (WN) .o ov sgume 
Starting an electric generating station— 
automatically. W. A. Summers. . Sept. 
Using corporate models for business 
control. H. R. Karp 


Controllers, electronic 


Blocking 
matic electric 
nelly 

Britain’s 
tronic 


oscillator _ linearizes 
converter. W. J. 


pneu- 
Don- 
Feb 
elec- 
(WN) 
July 
Electronic controls replace pneumatics 
on gas compressors. V. A 
Riggio ; ; Sept. 
Simple adaptive controller combines 
high stability, high accuracy. Karl 
Eklund \pr 
What's available in Europe for elec- 
tronic process control—report. Barlow 
& May Part I June 103, Part II July 
107, Part III Oct. 


IEA Show—four new 
process controls debut 


Counters 


Counting pulses within the magnetic 
hysteresis loop. T. R. Nisbet Nov 
Forward-backward counter for the Gray 


Code. G. D. Beinhocker Feb 


D 


Data files (reference sheets) 


33. Analysis and stabilization of sam- 
pled data systems. G. J. Thaler. . Jan 
34. Choosing the actuator for linear 
feed hydraulic servos. S 4 
Taft cae Feb 
35. Short guide to military synchro 
specs. Oppenheim & Sachs Mar 
36. Three analog computer circuits for 
root locus. Gordon Carden Apr 
37. A guide to the display of informa 
tion. G. A. Peters May 
38. Speed control methods for dc 
motors. C. S. Siskind June 
39. Quick new method gives system 
time constants. H. K. Chatter- 
yee July 
40. Formulas for transistor dissipation 
during high frequency switching. Cur 
rence & Wheeler Aug 
41. How to find emergency air needs 
for pneumatic instruments. F. Cap- 
lan Oct 
Simple znalogs for useful 
linearities. Kovach & Comley 
43. A simple template makes 
plots easy. C. A. Stapleton 


non- 
Nov 
bode 
Dec 


Data processing 


Australia inventories its data processing 
prospects (WN Aug 
Computer keeps tabs on work in proc- 
ess. E. W. Cannon Sept 
Computer rescues the voting process 
W. D. Bell Feb 
Computer talks about weather, makes 
best predictions. (WN) Sept 
Computers unfold the secrets of human 
behavior. L. H. Young Oct 
Data processing for numerical position 
ing systems. R. A. Bennett Jan 
How the biggest user sees ADP (IP 
Feb 

Logger keeps track of time charges on 
five computers. Joseph Piskor. . Apr 
Manufacturing control with a 705. J. M 
Cherba May 
Simple logic logs lab measurements 
Jacques Vidal May 
Statistical computers can really reduce 


159 data. E. J. Schubert Apr. 
Techniques and equipment for digital 
40 data conversion. R. F. Shaw Mar. 
Totalisator for retailer's paperwork 
ioe ee error 
Using electronic adding machines as 
35 cheap ADP system components. J. F. 
Sharp Nov. 

Wind tunnel interrupts 709 for fast 

data reduction. T. M. Bellan Dec 
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Data reduction 


Evaluating contro] system payout from 
process data. T. M. Stout Feb 
Oscillograph reader-plotters can be 
breadboarded. D. S. L. Durie. . Apr 
Reader-computer-plotter link saves data 
reduction time Jan 
Statistical computers can really reduce 
data. E. J. Schubert Apr 
Wind tunnel interrupts 709 for fast 
data reduction. T. M. Bellan. . . Dec 


Data transmission 


Controlling production paperwork. I 
H. Young Sept 
Data on the move (WN May 
Industrial market blooms for data com- 
munication (IP July 


Installing pneumatic signal transmission 

systeins Jan 
Telemeter system reads meters by 
Smith 
pegs 


tele 
Nov 
of Blue- 
Nov 


phone. E. ] 
Telemetered data 
bird accident ... 


cause 


Digital servos 


evlinders 


Rose 


Binary pneumatic 
printer head. R. M 
Digital gain changer gives optimum 
slowdown. D. A. Poepsel July 
Digital servo for numerical control uses 
unique transducer May 
Incremental servos. S. ] 
Part I 
trol 
Part II: Operation and analysis 
Simple digital servo 
controller set-points. J. F. Sharp Jan 


position 


May 


Bailey 
stepless con 

Nov 

Dex 


process 


Stepping vs 


programs 


Digital techniques 


Counting pulses within the magnetic 
hysteresis loop. T. R. Nisbet. . Nov 
Digital gain changer gives optimum 
slowdown. D. A July 
Digital photoelectric 
length Robert Sterns 
Dec 

redundancy in en 
Arthur 
June 
remember 
Dex 
control. .Oct 
blocks control tur 
ret lathe. H. W. Mergler July 
Programmed manipulator forging 
time. Baker & 7 Sept 


Poepsel 
logic improves 


measurement 


Eliminating diode 
coding and decoding 
Freilich 

Gas diodes indicate and 
G. W. Krebs 


Innovations in numerical 


matrices 


Numerical buikding 


cuts 
ymlinson 


Display ef data 


Binary pneumati vlinders position 
printer head. R. M. Rose May 
A guide to the display of information 
G. A. Peters May 
Putting the display 
(WN) June 
Recording a integral 
with one pen Oct 
Take a new look at the process control 
center. A. |. Waldron Mar 
7 echnj mes of dynamic display. R. A 
Barker 


man-in-space on 


variable and _ its 


L. Pritkin 
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35 
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117 


02 
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146 


117 


140 


36 


59 


137 


155 


157 


149 


12 


155 


123 
9 


149 


150 


114 





Part I: Cathode ray tubes... Feb 
Part Il: Optics at work Apr 
Part III: From TV pickup to Matrix 


Economics 


Automatic systems in the plant. W. E 
Vannah Sept 
Commerce sees instruments sales in- 
crease (WN) Feb 
Control enters a new decade. W. E 
Vannah Jan 
Crisis in exports (IP June 
Evaluating control system payout from 
process data. T. M. Stout Feb 
Updating process instrument costs 
J. W. Bernard .. Apr 
A user reports: rapid return from tape 


control (WN) ..... wide May 


Editorials 


An experiment in ethics......... May 
Control stili expanding Jan 
Could PERCOS perk? June 
From standard practice to unique de 

sign Feb 
The great electronic haystack Mar 
Needs to know Nov. 
No leap frog vet, but look out \ug. 
Open books open minds Dec 
The pace quickens Oct 
Reliability could become a disease. . Apt 
What’s in a name...... July 


Flow 


Automatic vacuum system pipes bulk 
materials. C. H. Bast Sept. 
Four up-to-date blending — systems. 
Derek Barlow Sept 
The gyroscopic mass flowmeter. M. M 
Decker May 
Installing rotameters ...... Mar 


Foreign control 


Australia inventories its data processing 
prospects (WN) Aug 
Britain—shopping by card in automatic 
supermarkets (WN) Oct 
Britain—will a govefiument automation 
center break the information bottle 
neck? (WN) ‘ May 
Britain’s IEA Show—four new elec 
tronic process controls debut (WN 
July 
British nuclear controls slowed by fear 
of government regulations (WN 
Jan 
German process control (WN) Feb 
Holland builds Europe’s most mecha 
nized air trafic control center 
(WN) : \pr 
Italian control makers try something 
new; electronics (WN) Jan 
Japan joins the giants (IP \pr 
A look at control abroad (WN Oct 
Numerical control in Japan Mar 
100,000 jam Interkama (WN Dec 
Russians buy a tire plant (WN Mar 
What's available in Europe for elec 
tronic process control—report. Bar 
low & May. Part I June 103. Part II 
July 107, Part III...... Oct 


Function generators 


Function generator control for vibration 
sweep testing. J. M. Chirnitch. . Nov 


196 


44 
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46 
140 


+ 
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Nonideal diodes and practical function 
generators. E. J. Galli.......Feb 


G 


Graphic analysis 


Analysis and stabilization of sampled 
data systems. G. J. Thaler Jan 
Graph simplifies reel drive calculations 
H. L. Steinmetz Feb 
How to compute load constants from re 
sponse curve data. B. B. Bellit. . May 
\ simple template makes bode plots 
easy. C. R. Stapleton Dec 
Stabilizing on-off pneumatic control svs 
tems. Karl Eklund Oct 


Guidance 


Better inertial indicators for attitude 
and heading. J. M. Slater Feb 
Novel caging scheme makes _ versatile 
stable platform. M. Selvin \pi 
Ihe system characteristics of modern 
guidance — techniques—report Dr 


C. J. Mundo . Aug 


H 


Hydraulics 


I'he acceleration switching valve still 
has advantages. M. E. Moore. . June 
Choosing the actuator for linear feed 
hydraulic servos. C. K. Taft Feb. 
I'wo line hydraulic diagrams. George 
Stelmach sae 


Industrial control 


Automatic cargo controls sail with 
freighters (WN) .. Jan 
Automatic inspection and computation 
reduce reject rate A. M. Dex 
ter . Sept 
Automatic metalworking: a status re 
port. J. D. Cooney .. wept 
Automatic systems in the plant. W. FE 
Vannah . Sept 
Automatic vacuum system pipes bulk 
materials. C. H. Bast Sept. 
\utomatic welder gets position from 
arc current. K. J]. Rhodes Oct 
Bypass loop helps temperature control 
ler maintain l<teg controls E. W 
Ellsworth Mar 
Choosing induction regulators for recti 
fer control. P. N. Wise July 
Colorimeter prevents mixing of trans 
tormer insulating liquids. Kinney & 
Burnett May 
Compensating de motors for fast re 
sponse. S. W. Harris Oct 
Data processing for numerical position 
ing systems. R. A. Bennett Jan 
De drives set for new gains (IP). . Mar 
Digital computer runs hot plate mill 
Cliff’ Burdick Jan 


Electronic controls replace pneumatics 


on gas compressors. \ A. Riggio 
Sept 

Electronic controls speed engine bore 
classification. J. R. Zurbrick July 
Electronic logic controls bread weight 
W. J. Fowler Sept 
Evaluating today’s proximity switches 
J. M. Morgan Apr 
Fail-safe circuit for high-speed transfer 
M. A. Keasal Jr Nov 
Fast component tester checks itself, too 
Saul Liss Sept 

5 case studies show efforts to simplify 
maintenance. B. K. Ledgerwood . Mar 
Frame straightener programs bending 
automatically, K. J. Rhodes Aug 


Gas diodes indicate and remember 
G. W. Krebs Dec. 
Innovations in numerical control. . Oct 
Investigating thickness control on small 
scale rolling mills. R. B. Sims. . June 
Magnetic discs add automatic control 
to lumber mill (WN Aug 
Manufacturing control with a 705. 
J. M. Cherba May 
Mechanical power amplifier boosts 
torque, transmits position. L. A 
Zahorsky Feb. 
New drives sharpen conveyor syn 
chronization. R. B. Maag Sept 
New look in machine tool controls 
M. H. Sluis Nov 
Numerical building blocks contro] tur 
ret lathe. H. W. Mergler July 
Numerical control in Japan Mar 
Pot null detectors control tracer lathe 
W. A. Breaux July 
Programmed manipulator cuts forging 
time. Baker & Tomlinson Sept 
Protecting liquid rheostats. I. J. Glad 
nik Jan 
Punched tape controls carpet patterns 
W. H. T. Neall Sept 
Punched tapes shape auto tail 
pipes Mar 
Scented movies are Broadway's newest 
hit (WN) Mar 
Shopping by card in automatic super 
markets (WN) Oct 
Single time-shared drive positions two 
axes. G. W. Younkin Aug 
6 transducers for precision position 
measurement. J. O. Morin May 
Speed control methods for dc motors 
C. S. Siskind June 
Starting an electric generating station 
automatically. W. A. Summers. . Sept 
Static switches run a sugar warehouse 
Giacomelli & Bullock May 
The strange new ball motor. EF. R 
Laithwaite Jan 
Telemeter system reads meters by tele 
phone. F. J. Smith Nov 
Tiny electronic controls run giant coal 
digger. Theuer & Lenhard Mar 
Transistors position press for quick die 
change. W. D. Berry July 
Transparent tape programmer breaks 
sock pattern jacks. Charles Con 
wa\ Oct 
Welding control uses new components 


(WN Apr 


Industry's pulse 


Ihe aircraft industry shudders Jan 
The crisis we face—a rebuttal by the 

military ; Dec 
Crisis in exports June 
Dec drives set for new gains Mar 
How the biggest user sees ADP. .Feb 
Ihe impact on labo: Sept 
Industrial market blooms for data 

communication July 
Japan joins the giants Apr 
The missing market in computing con 

trol] Nov 
National Education Act helps two 

wavs Aug 
That amazing semiconductor — busi 

ness , May 
Which numerical control will go?. . Oct 


Inspection, automatic 


Automatic analyzers convert yeast plant 
to continuous operation Sher & 
Rodger Sept 
Automatic inspection and computation 
reduce reject rate A. M. Dexter 
Sept 

Electronic controls speed engine bore 
classification. J. R. Zurbrick. . .July 
Fast component tester checks itself, too 
Saul Liss : Sept 
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Labor 


How the biggest user sees ADP (IP) 
Feb 
The impact on labor (IP).... Sept 


Logic 


Bistable jump circuit for static switch- 
ing. P. J. Walsh : Aug. 
Digital logic improves photoelectric 
length measurement. Robert Sterns 
Dec 
Eliminating diode redundancy in en- 
coding and decoding matrices. 
Arthur Freilich giiates June 
Simple logic logs lab measurements. 
Jacques Vidal . May 
Transistor NOR _ element program 
welder. F. G. Dahlin .. Feb 
Transistors position press for quick die 
change. W. D. Berry July 
The versatile transistor NOR circuit 
A. N. DeSautels 


M 


Machine control 


Automatic inspection and computation 
reduce reject rate. A. M. Dexter 
Sept 

Automatic metalworking: a status re- 
port. J. D. Cooney ; Sept 
Compensating dc motors for fast re 
sponse. S. W. Harris...;.. Oct. 
Data processing for numerical posi- 
tioning systems. R. A. Bennett. . Jan 
Digital servo for numerical control 
uses unique transducer ...May 
3-axis tape control runs manufactur- 
ing machine. Michael Murphy..Dec 
Innovations in numerical control. .Oct 
K&T’s star performer (WN) Mar 
Mechanical power amplifier boosts 
torque, transmits position. L. A 
Zahorsky . Feb 
New look in machine tool controls 
M. H. Sluis Nov 
Numerical building blocks control tur- 
ret lathe. H. W. Mergler July 
Numerical contro] in Japan Mar 
Optical programmer for numerically 
controlled drill press (WN) Sept 
Pot null detectors control tracer lathe. 
W. A. Breaux July 
Single time-shared drive positions two 
axes. G. W. Younkin ; Aug 
6 transducers for precision position 
measurement. J. O. Morin .. May 
A user reports: rapid return from tape 
control (WN) hs May 
Which numerical control will go? 
(IP) Oct 
Will Bullard’s patent claims test nu 
merical control? (WN) : Sept. 


Maintenance 


5 case studies show efforts to simplify 
maintenance. B. K. Ledgerwood 
Mar 

Spectrometer directs maintenance pro 
gram (WN) ..... +a 0 ae 


Man-machine systems 


Aping man on computers—ASME avi- 
ation conference (WN) Aug 
Electronic teacher conditions the re- 
i nr 
The coming boom in teaching ma- 
Chimes (WN) oo. ccc vcces . June 
A guide to the display of information. 
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Marketing 


Commerce sees instruments sales in 
crease (WN) . . . Feb. 
Conoflow, valve manufacturer, solves 
the European market (WN) Apr 
Control enters a new decade. W. E 
Vannah Jan 
Control’s share of military budget con 
tinues to rise (WN) Sept 
Crisis in exports (IP) June 
Defense control grows faster than mili 
tary budget (WN Aug 
General Controls biows out its thir 
tieth candle (WN) June 
Putting customer satisfaction where it 
belongs—on application engineering 
(WN) May 
The revolution at Designers for Indus- 
try (WN) July 
That amazing semiconductor business 


(IP) Sallie eer 


Materials handling 


Automatic vacuum system pipes bulk 
materials. C. H. Bast Sept 
New drives sharpen conveyor synchro 
nization. R. B. Maag Sept. 
Static switches run a sugar warehouse 
Giacomelli & Bullock May 
Tiny electronic controls run giant coal 
digger. Theuer & Lenhard Mar 
TV and magnetic tape speed Air Force 
warehousing (WN Dec 


Mathematical analysis 


Analog setup solves polynomials, plots 
root locus automatically Leon 
Levine eee Oct. 

Closed loop computer control at Lu- 
ling. Eisenhardt & Williams. . Nov 

Evaluating control system payout from 
process data. T. M. Stout Feb 

Quick new method gives system time 
constants. H. K. Chatterjee July 

Separate signal from noise with prob- 
ibility filters. W. L. Still Mar. 

Three analog computer circuits for the 
root locus. Gordon Carden Apr 

A unique analog analyzer for non 
linear systems. W. H. Alliston. Dec 


Measuring 


Automatic resistance measurement sys- 
tem. R. M. Walker... ; Mar 
Automatic welder gets position from 
arc current. K. J. Rhodes Oct 
Circuits for high-ambient, differential 
pressure measurement. G. J. Moyni- 
han Apr 
Digital logic improves photoelectric 
length measurement. Robert Sterns 
Dec 
The gyroscopic mass flowmeter. M. M 
Decker May 
Installing rotameters Mar 
Langley’s tunnels play second fiddle to 
space age (WN) May 
Measuring mega-ampere transient cur- 
rents. C. D. Nail Jan 
Measuring tape wrapped on drum for 
digital encoding. Hall & Lapenson 
Aug 
Pot null detectors control tracer lathe 
W. A. Breaux July 
Servo-balanced supply tank measures 
nozzle thrust. Harris & Dunstan 
Feb. 
Stream analyzer dynamics. R. L. Gran- 
tom & others 
Part I. Testing techniques and ap- 
paratus . ; May 
Part II. Refractometer response to tem- 
perature and composition change. 
July 
Transistorized length gage scans hot 


steel. Carison & Sampson Apr 
What eddy currents reveal about 
metals. Richard Hochschild Mar 


Meetings, news reports 


ASME aviation conference—aping man 
on c»mputers (WN Aug 
Britain’s IEA Show—four new elec 
tronic process controls debut (WN 
July 
IRE meeting: previewing the control 
highlights (WN Mar 
ISA Show—sparse attendance shakes 
show (WN) Nov 
ISA Instrumental Methods of Analysis 
Symposium — chromatography _ steps 
up the pace (WN July 
JACC—mathematics ride high (WN 
Nov 

100,000 jam Interkama (WN Dec 
Russia not so shocking in 1960 visit 
(WN \ug 
Russians ready red carpets—? (WN 
- June 
WESCON: engineer's guide to 1960 
sessions (WN Aug 
WESCON: West Coast vies for ele 
tronics lead (WN Oct 


Metals processing and finishing 


Bringing hot strip mills under auto 
matic control. Bristol & Kraft.Sept 
Digital computer runs hot plate mill 
Cliff Burdick Jan 
Investigating _ thickness ontrol on 
small scale rolling mills. R. B. Sims 
June 

Pop-up models program ingot soaking 
1. Bramley May 
Programmed manipulator cuts forging 
time. Baker & Tomlinson Sept 
Scale models save ymputing of cut 
ting lengths at mill. L. N. Bram 
ley Oct 
Transistorized length cage scans hot 
steel. Carlson & Sampson Apr 


Missiles 


Better inertial indicators for attitude 
ind heading. J. M. Slater Feb 
Novel caging scheme makes versatile 
stable platform. M. Selvin Apr 
Polaris—deliver first checkout gear.. Jan 
Zeus production plans derailed again 
Jan 


Motors, electrical (see Actuators) 


N 


Nonlinear systems 


Optimum response relay servos. |] B 
Lewis 
Part I: Evolution of the optimum 
switching criteria May 
Part II: Putting the theory to work 
July 
Part III: Higher order and related 
systems Oct 
Stabilizing on-off pneumatic control 
systems. Karl Eklund Oct 
A} unique analog analyzer for non 
linear systems. W. H. Alliston. . Dec 


Nuclear instrumentation 


British nuclear controls slowed by fear 
of government regulations WN 

Jan 
How they tested the first nuclear 
rocket engine Nov 
Safe, reliable process monitoring. R 
Sherrard. Part I: What's needed 

Dec 
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On-off control systems 


Optimum response relay servos. J. B 
Lewis 
Part: I: Evolution of the optimum 
switching criteria May 125 
Part Il Putting the theory to 
work July 
Part III: Higher order and related 
systems Oct 
Simple RC anticipation for on-off 
controllers July 
Single time-shared drive positions two 


axes. G. W. Younkin . Aug 


Patents 


Will Bullard’s patent claims __ test 
numerical control? (WN).....Sept 


Personality sketches 


Axelby, George 
Cheney, Harold K 
Draper, C. Stark 
Fisengrein, R. H. 
Hollander, G. L 
Mayo, A. M 
Morgan, John M 
Pierce, Dr. Lawrence 
Pompeo, D. J 
Rosenbrock, Howard W 
Ross, Douglas T 
Williams, Theodore ] 


Inww 


In 
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Pneumatics 


Air expansion powers new actuator 
H. W. Kogan Aug 
Binary pneumatic cylinders position 
printer head. R. M. Rose May 
Blocking oscillator linearizes pneu 
matic/electric converter W J 
Donnelly Feb 
Electropneumatic speed regulator for 
turbine driven camera. Nail & Oja 
June 

Fluid computing elements open new 
doors in control. (WN) May 
How to find emergency air needs for 
pneumatic instruments. F. Caplan 
Oct 

Installing pneumatic signal transmis 
sion systems Jan 
Pneumatic analog for process control 
studies at Yale June 
Stabilizing on-off pneumatic control 
systems. Karl Eklund = . .Oct 


Process control 


Automatic analyzers convert veast 
plant to continuous operation. Sher 
& Rodgers Sept 

Automatic vacuum system pipes bulk 
materials. C. H. Bast Sept 

Beta-gage controllers cut fabric coat 
ing waste. L. E. Taylor Nov 

Blocking oscillator linearizes pneuma 
tic/electric converter. W. J. Don 
nelly Feb 

Britain's IFA Show—four new elec 
tronic process controls debut.(WN 

July 

Closed loop computer control at Lul- 
ing. Eisenhardt & Williams Nov 

Colorimeter prevents mixing of trans 
former insulating liquids. Kinney & 
Burnett May 

A comparison of integral and incre- 
mental digital computers for process 
control applications. E. L. Braun 

Jan. 113 


Controlling a thermal cracking furn 
ace with a digital computer. J. R 
Parsons & others Sept 

Cyanamid’s approach to computer 
control. Herbert Grohskopf Feb 

Electronic controls replace pneuma 
tics on gas compressors. V. A 
Riggio : Sept 

Four up-to-date blending systems 
Derek Barlow Sept 

German process control. (WN Feb 

Goodrich cases into computing con 
trol WN \pr 

Guide to controlling continuous-flow 
chemical reactors. Ole Andreas Sol 
heim Apt 

The gyroscopic mass flowmeter. M 
M. Decker May 

How to find emergency air needs for 
pneumatic instruments. F. Caplan 

Oct 

Infrared analyzer controls hydrocar 
bon extraction process. D. M. Stagg 
& others Dec 

Installing pneumatic signal transmis 
sion systems Jan 

Installing rotameters Mar 

Keening sample lines hot f. A 
Houser June 

Pneumatic analog for process control 
studies at Yale June 

Polaris propellant—first continuous 
production. (WN Oct 

Safe, reliable process monitoring 
Sherrard. Part I: What's needed 

Dec 

Simple digital servo programs process 

controller set-points J. F. Sharp 
Jan 

Sizing analyzer sampling lines. FE. A 
Houser Aug 

Stream analvzer dynamics. R. L. Gran 
tom & others 
Part I: Testing techniques and ap 

paratus May 
Part II: Refractometer response to 
temperature and composition 
change July 

Take a new look at the process con- 
trol center. A. J. Waldron Mar 

Updating process instrument costs. ] 
W. Bernard Apr 

What about pilot plant instrumenta 
tion. Fanning & Brvan July 

What's available in Europe for elec- 
tronic process control—revort. Bar 
low & Mav. Part I June 103, Part II 
July 107, Part III haan a 


Production control 


Computer keeps tabs on work in proc 
ess. E. W. Cannon Sept 
Controlling production paperwork. I 
H. Young Sept 
Manufacturing control with a 705 
J. M. Cherba May 
New drives sharpen conveyor svn 
chronization. R. B. Maag Sept 
Total production control in a_ pack 
age? (WN Tul 
Will production monitoring spur tex 


tiles? (WN) i Dec 


Programmed systems 


Automatic metalworking: a status re 
port. J. D. Cooney Sept 
Electronic teacher conditions the re 
flexes (WN) Dec 
3-axis tape control runs manufacturing 
machine. Michael Murphy Dec 
Innovations in numerical control. .Oct 
Magnetic discs add automatic control 
to lumber mill. (WN) Aug 
Numerical building blocks control tur- 
ret lathe. H. W. Mergler July 
Optical programmer for numerically 


controlled drill press. (WN). .Sept 
Pinwheels program British movies .Oct 
Pop-up models program ingot soak 
ing. L. N. Bramley May 
Programmed manipulator cuts forging 
time. Baker & Tomlinson Sept 
Punched tape controls carpet patterns 
W. H. T. Neall Sept 
Punched tapes shape auto tailpipes 
Mar 

Scented movies are Broadway's new 
est hit. (WN Mar 
Simple digital servo programs process 
controller set-points. J. F. Sharp 
Jan 

Simple go/no-go_ electronic _ circuit 
checker pays off. G. G. Robinson 
June 

Single time-shared drive positions two 
axes. G. W. Younkin Aug 
Switching networks program tube 
tester. P. E. Haddon May 
Transistor NOR elements program 
welder. F. G. Dahlin Feb 
I'ransparent tape programmer breaks 
sock pattern jacks. Charles Conway 
Oct 

\ user reports rapid return trom tape 
control. (WN May 


Proportioning 


Four up-to-date blending svstems 
Derek Barlow Sept 


Radiation gaging (see Gaging) 
Recording 


Compound modulation recording keeps 
strain gage signals clean H. R 
Darby Mar 

Flux gate head reads stationary mag 
netic tape. dc signals. David Kerr 

Mar 

Movie film developed in 60 seconds 
with new process. (WN Apr 

Recording a variable and its integral 
with one pen. L. Pritkin Oct 

'hermoplastic recording excites indus 


try WN Feb 


Relays 


Hints for improving relay system re 


liability. B. K. Ledgerwood Dec 
How reliable are relavs B. K 


Ledgerwood Jan 
n 


Optimum response relay servos. J] 
Lewis 

Part I: Evolution of the optimum 
switching criteria May 
Part II: Putting the theort to work 
July 
Part III: Higher order and related 
systems Oct 
T'ransistor-relav hvbrids for lose-dif 
ferential switching \. N. DeSau 
tels Apr 


Reliobility 


Hints for improving relay system re 
liability. B. K gerwood Dec 
How reliable are relay B. K 
Ledgerwood Jan 
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afc TECHNOLOGY INSTRUMENT CORPORATION 


Here’s an interesting job that’s gone “push button’’—stamping heat 
numbers on hot steel! Now, from a remote console, the operator auto- 
matically sets numbers on the marking head and propels it against the 
steel. The controls, of course, are Allen-Bradley because they provide 
the continuous reliability that is essential to this production. 

The simple, ONE moving part solenoid design of A-B starters and 
relays assures millions of trouble free operations. And the double 
break, silver contacts—used on all A-B control—eliminate costly 
downtime for maintenance. Keep your production lines rolling... 
insist on Allen-Bradley quality motor control. You cannot do better! 


Allen-Bradley Co., 210 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 2xSSncc 
Quality Motor Control coger naa 
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